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FOREffOED 


This  Final  Report  describes  the  analyses  performed  and  the  results  derived 
during  the  execution  of  the  Payload  Effects  Analysis  Study.  This  Study  was 
performed  by  Lockheed  Missiles  & Space  Company  (LMSC),  Sunn3rvale,  California, 
under  Contract  HAS  W-2156,  for  the  Office  of  Manned  Space  Flight,  MSA  Head- 
quarters, The  Study  is  part  of  a total  economic  analysis  of  the  Space  Trans- 
portation Systems  being  conducted  for  MSA  by  Mathematica,  Aerospace  'Corpora- 
tion and  LMSC. 

The  LMSC  study  is  concerned  with  determining  the  effects  upon  payload  design, 
development  and  operations  costs  that  could  result  from  the  use  of  future  can- 
didate launch  vehicles,  including  the  reusable  Space  Shuttle  and  Space  Tug. 

Task  1 involved  the  selection  of  three  representative  satellite  payloads . 

Task  2A  consisted  of  a parametric  cost  optimization  analysis  and  the  estima- 
tion of  target  costs  and  design  goals  for  low-cost  payloads.  During  Task  2B, 
the  baseline  payloads  were  redesigned  to  take  advantage  of  the  cost  savings  by 
new  transportation  systems.  Under  Task  development  plans  and  isnplementation 
costs  were  developed  for  the  low-cost  designs,  and  cost  factors  for  reuse  and 
refurbishment  were  provided  to  MSA..  Under  Task  3?  the  impact  of  system  and 
subsystem  standardization  upon  the  cost  of  the  composite  mission  model  was  in- 
vestigated, and  the  feasibility  of  subsystem  standardization  was  substantiated. 
Under  Task  4,  a payload  designers'  handbook,  documenting  the  design  approaches 
applied  during  the  stucly,  was.  prepared. 

The  study  was  conducted  during  the  period  of  September  1970  throu^  June  1971 
under  the  supervision  of  Dr.  H.  M.  Gray  of  LMSC  and  the  direction  of  Mr.  W.  F. 
Moore  of  the  Office  of  Manned  Space  Plight,  MSA  Headquarters,  Washington, 

D.  C. 
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All  costs  shown  herein  are  in  constant  1970  dollars. 
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GLOSSARY  OF  TERMS  USED  EJ  THIS  REPORT 


Although  generally  accepted  in  a technical  sense,  many  of  the  terms  used 
throughout  this  report  have  various  cormotations  within  the  aerospace  commun- 
ity. Thus,  as  a guide  to  the  reader,  some  of  the  basic  terms  are  explained 
below. 


PAYLOAD 

SYSTEM 


PAYLOAD 


BASELINE 

PAYLOAD 


LO¥-COST 

PAYLOAD 


LAUNCH 

YEanCLE 


SUBSYSTEM 


is  used  to  collectively  describe  the  payload,  the  payload/ 
launch  vehicle  adapter,  and  any  separation  devices  required 
to  effect  a clean  separation  of  the  payload  from  the  launch 
vehicle . 

is  a collective  word  used  to  describe  the  total  operating 
entity,  such  as  a satellite,  that  is  launched  into  orbit  by 
the  launch  vehicle;  it  comprises  spacecraft  and  experiments 
but  excludes  launch  vehicle  related  elements  - such  as 
adapters  - that  are  non-functional  in  orbit. 

describes  a representative  example  of  a current  unmanned  pay- 
load  used  to  provide  a basis  for  the  development  of  low-cost 
approaches  and  cost  comparisons;  those  selected  for  the  study 
were:  OAO-B,  SRS,  Synchronous* Equatorial  Orbiter  and  Mars 

Orbiter.  (The  latter  two  were  synthesized  from  the  basic 
Lunar  Orbiter) . 

refers  to  payload  designs  which  were  developed  using  low-cost 
approaches  and  techniques  that  are  compatible  with  the  cost- 
saving  potential  arising  from  use  of  the  new  laxuich  vehicles, 

is  the  system  (lower  and  upper  stages)  used  to  inject  the  pay- 
load  into  its  specified  low  earth  orbit  and  includes  the  exit 
fairing  or  shroud;  specifically  in  the  Payload  Effects  Study, 
three  launch  vehicle  types  are  considered  - current  alternate 
expendable,  new  low  cost  expendable,  and  reusable  Space  Shuttle. 

refers  to  the  major  functional  elements  of  a payload,  describ- 
ing prime  equipment  categories;  eight  (8)  subsystems  are  used 
to  define  the  payload,  system: 

• Launch  Yehicle  Adapter/interface 

• Experiments 

® Structures  and  Mechanisms 

• Electrical  Power 
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MODULE 


COMPOEENT 

PART 


PROGRAM 

TIME 


PLIGHT 

DURATION 


TOTAL 

PROGRAM 

COST 


® Stabilization  and  Control 

• Attitude  Control  & Propulsion 

• Goimnunications , Data  Processing  & Instrumentation 

• Environmental  Control 

refers  to  a complete  functional  portion  of  a subsystem;  a 
module  comprises  several  components  and  interconnect  elec- 
trical harnesses  housed  within  a single  structural  box. 

an  assembly  such  as  a star  tracker,  transmitter,  or  similar. 
Components  are  assemblies  of  parts. 

a piece  of  hardware,  a quantity  of  which  are  assembled  into  a 
single  component;  examples  arer  transistor,  lens,  shaft,  etc. 
Parts  categories  considered  arer 

• Hi^-reliability 

• MIL-Spec 

• Aircraft 

• Commercial 

defined  for  the  purposes  of  this  study  to  be  'the  period  of 
time  over  which  a discrete  set  of  observations  or  measurements 
are  to  be  made  or  that  a specific  service  is  to  be  provided  by 
a payload  system'  . This  period  of  time  would  begin  with  the 
launch  of  the  first  payload  throu^  to  the  end  of  the  require- 
ment to  perform  that  particular  set  of  observations  (or  until 
requirements  have  been  redefined  so  as  to  necessitate  payload 
redesign) . No  restrictions  are  placed  upon  the  number  of  pay- 
loads  that  may  have  to  be  launched  in  order  to  maintain  the 
system  and,  in  fact,  it  generally  results  that  the  optimum 
fli^t  duration  (from  a cost  standpoint)  is  less  than  the  pro- 
gram time. 

is  that  period  of  time  after  launch  (or  on-orbit  repair)  until 
failure  of  a specific  payload  to  perform  its  function  and  re- 
quires refurbishment  or  replacement;  could  also  he  referred 
to  as  'Mean  Time  to  Payload  Failure'  . In  this  study  flight 
duration  was  one  variable  which  was  traded  off  with  payload 
reliability  and  weight  and  cost  to  repair  or  refurbish  in 
order  to  arrive  at  minimum  program  costs. 

includes  all  costs  accruing  to  the  design,  fabrication,  oper- 
ation, launch,  and  repair  or  maintenance  of  a payload  (with 
the  exception  of  internal  government  costs)  in  accomplishing 
the  set  of  measurements  -required  throu^out  the  program  time. 
In  this  study  payload  cost  is  broken  down  into  non-recurring 
costs  (RDT&E),  unit  recurring  costs,  and  operations  costs;  in 
addition  the  total  program  costs  include  the  (expendable) 
launch  vehicle  costs  together  with  all  its  operations  costs, 
or,  in  the  case  of  the  Space  Shuttle,  an  apportioned  share  of 
the  laiinch  and  mission  costs  and  the  costs  of  on-orbit  repair 
or  retrieval  Space  Shuttle  flights . 
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WON-RECUEEING 
COSTS  (RDT&E) 


UUIT 

RECUESING 

COSTS 


FIRST  IMIT 
COST 

AVERAGE 
UEIT  COST 


accounts  for  those  research  and  development  and  qualificatioi 
costs  associated  with  development  to  a point  where  the  paylo; 
enters  production;  it  includes  engineering  design,  developmej 
and  qualification  testing  and  test  hardware,  GSE,  production 
tooling,  logistics,  facilities  and  test  articles. 

represents  the  cost  of  material  and  equipment,  hardware  fab- 
rication, assembly,  sustaining  engineering,  acceptance  test- 
ing, and  necessary  spares  for  production  of  a single  flight 
system;  no  amortization  of  RDT&E  costs  is  included. 

cost  of  production  of  the  first  unit . 

cost  of  production  of  an  average  unit.  Learning  curve  may  b« 
applied  if  production  rate  and  quantity  justifv. 


OEERATIONS 

COSTS 


COST 

APPORTIOEMEIME 


EOE- 

ALLOCATAELE 

COSTS 


are  those  recurring  costs  associated  with  operating  the  pay- 
load  and  include  la\mch  operations  and  mission  operations 
directly  concerned  with  the  payload  system  itself,  the  cost 
of  data  retrieval  and  reduction,  and  sustaining  engineering 
support  to  operation. 

refers  to  the  process  of  allocating  the  various  cost  category 
totals  to  individual  subsystems  (or  subsystem  items)  as  deem( 
relevant  by  thorough  evaluation  of  the  design;  cost  apportioi 
ment  is  necessary  only  if  the  original  cost  data  are  not 
broken  down  to  the  required  level. 

are  those  cost  elements  that  cannot  be  genuinely  apportioned 
to  the  subsystem  level  and,  therefore,  are  not  strictly  trad( 
able  at  the  subsystem  level.  Examples  are  transportation  fr< 
factory  to  launch  base,  advanced  planning  and  applications, 
remote  site  management,  mockups,  manufacturing  planning  and 
coordination , etc. 
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Section  1 
INTRODUCTION 


Nor  the  past  several  years,  the  National  Aeronautics  and  Space  Administration 
has  heen  studying  the  economic  merits  of  new  space  transportation  systems. 
Considerable  reduction  in  transportation  costs  have  been  projected,  especially 
for  reusable  Space  Shuttle  concepts.  It  has  been  implied  also  that  savings 
from  payload  design  may  significantly  augment  and  even  exceed  the  transporta- 
tion cost  reductions . NASA  contracted  Lockheed  Missiles  & Space  Company  (LMSC) 
to  determine  the  impact  of  these  new  transportation  systems  upon  the  cost  of 
desi^,  development  and  operation  of  unmanned  satellites  under  Contract  NAS  W- 
2156,  the  Payload  Effects  Analysis  Study.  This  study  was  conducted  by  LMSC 
during  the  period  of  21  September  1970  throu^  30  June  1971  • 

In  order  to  evaluate  the  overall  economic  impact  of  low-cost  space  operations, 
NASA  assembled  a team  structured  to  combine  experience,  analytical  tools,  and 
data  banks  of  three  contractors.  The  overall  economic  analysis  was  conducted 
by  Mathematica,  Inc.,  6f  Princeton,  New  Jersey,  supported  by  Aerospace  Corpor- 
ation of  El  Segundo,  California,  contractor  for  the  Integrated  Operations  Pay- 
loads/Fleet Analysis  Study  and  by  LMSC  for  the  Payload  Effects  Analysis  Study. 
Aerospace  provided  Mathematica  with  launch  vehicle  and  payload  performance  and 
cost  data  for  the  estimated  combined  NASA  and  DOD  traffic  models  with  varying 
operational  scenarios  for  the  time  frame  of  the  implementation  of  the  new  trans- 
portation systems  ( 1978 -1990 ) . LMSC,  under  the  Payload  Effects  Analysis  Study, 
provided  Mathematica  and  Aerospace  with  detailed  design,  wei^t,  reliability, 
cost  and  schedule  data  for  three  selected  unmanned  payloads  representing  a 
broad  spectrum  of  size,  cost  and  complexity,  LMSC  contributed  to  the  study 
the  background  of  over  10  years  of  work  in  both  expendable  and  reusable  laxmch 
systems  and  in  development  and  successful  operation  of  a large  number  of  the 
nation's  satellites.  The  interrelationship  of  the  three  studies  is  shown  in 
Fig.  1-1. 
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Fig.  1-1  Overall  Economic  Analysis  Study  Plow 
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The  Aerospace  and  LMSC  studies  were  imder  the  technical  supervision  of  Mr. 
William  F.  Moore,  and  the  Mathematica  Study  was  directed  by  3y!r.  Robert  Lindley, 
both  of  NASA  Headquarters,  Office  of  Manned  Space  Flight.  Messrs.  Moore  and 
Lindley  were  actively  assisted  in  monitoring  the  combined  study  progress  by  a 
technical  monitoring  team  comprised  of  key  representatives  of  NASA  Headquar- 
ters and  the  various  NASA  centers . The  monitoring  team  further  assisted  the 
studies  by  providing  data  on  advanced  launch  systems,  payloads,  mission  and 
traffic  models,  and  operations,  and  by  providing  critical  technical  review  of 
study  results.  The  members  of  the  Technical  Monitoring  Team  were: 


Mr.  William  F.  Moore 
Special  Assistant  to  Director 
Space  Shuttle  Task  Force 
MSA  Headquarters 
COR  Aerospace  and  LMSC  Studies 

Mr.  Robert  Lindley 
Engineering  and  Operations  Director 
MSA  Headquarters 
COR  Mathematica  Study 

Mr.  Allen  H.  Sures 

Office  of  Space  Sciences  & Applications 
MSA  Headquarters 

Mr.  Lawrence  Hogarth 
Advanced  Plans  Staff 
MSA  Goddard  Space  Plight  Center 

Dr.  Michel  Bader 

Chief,  Space  Science  Division 

MSA  Ames  Research  Center 

Mr.  Hell  Par low 

Space  Science  Division 

MSA  Ames  Research  Center 


Mr.  Ernest  Pritchard 
Director,  MSA  Task  A 
Space  Shuttle  Economic  Analysis 
Aerospace  Corporation 

Mr.  James  0.  Ballance 
Mission  & Payload  Planning 
Program  Development 
NASA  Marshall  Space  Pli^t  Centei 

Mr.  William  Huff 

Space  Shuttle  Task  Team 

System  Integration  Office 

MSA  Marshall  Space  Fli^t  Centei 

Mr.  Harold  Granger 

Chief,  Plans  & Control  Branch 

MSA  Manned  Spacecraft  Center 

Mr.  Jerry  E.  Hoisington  . ^ 
Space  Shuttle  Program 
Payloads  and  Operations  Office 
MSA  Manned  Spacecraft  Center 


1-3 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


Section  2 
SUMMARY 


This  document  is  the  Final  Report  on  the  Payload  Effects  Analysis  Study  con- 
ducted hy  Lockheed  Missiles  & Space  Company  (LMSC)  for  MSA  Headquarters  Office 
of  Manned  Space  Flight  under  Contract  MS  W-2156.  This  section  of  the  report 
outlines  the  objectives  of  and  approach  to  the  study  and  provides  a digest  of 
the  study  analyses  and  results  which  are  presented  in  later  sections . 

2 .1  BASIC  STUDY  APPROACH  AHD  SCOPE 


The  exploration  of  potential  payload -related  cost  savings  involves,  by  neces- 
sity, a departure  from  established  ways  of  payload  design,  development,  pro- 
curement, and  operation.  The  study  effort  therefore  was  directed  to  both  in- 
novative and  traditional  cost-reduction  methods. 

Primary  emphasis  was  placed  upon  the  exploration  of  various  cost -reduct ion 
measiires  on  a set  of  selected  payloads  without  altering  the  mission  perform- 
ance requirement . Toward  the  end  of  the  study  an  evaluation  was  made  of  ad- 
ditional cost  saving  potential  provided  by  sacrificing  certain  aspects  of 
program  peculiar  payload  design  by  mission  or  hardware  standardization. 

As  the  initial  effort  in  the  9-inonth  study,  LMSC  prepared  a rather  detailed 
Study  Plan  (LMSC-A973835)  which  described  the  study  team  organization,  the 
task  breakdown  and  schedules,  and  the  technical  approach.  Highlights  of  these 
data  are  pr- senfed  following. 


* Throu^out  this  report,  the  word  "payload"  is  used  to  designate  the  combin- 
ation of  the  spacecraft  and  its  experiments . See  the  glossary  lor  other 
definitions . 
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2.1.1  study  0'b,iectives  and  Groundrules 

The  hasic  study  objective  was  to  determine  the  contribution  and  effect  of  pay- 
load  costs  to  the  future  KASA  unmanned  space  programs  of  the  1978  to  I99O  pei^“ 
iod.  In  executing  this  objective  the  following  sub-objectives  were  established: 

® Define  design  characteristics,  method  of  operation,  and  costs  for 
typical  "low-cost"  NASA  unmanned  payloads  for  use  with  new  launch 
systems  (expendable  boosters  and  Space  Shuttle). 

» Derive  differences  in  payload  costs  that  can  be  anticipated  as  a re- 
sult of  introducing  the  new  launch  systems 

® Identify  minimum  - cost  payload  approaches. 

To  obtain  consistency  in  design  and  costing  and  to  cover  a reasonable  scope 
of  design  variants,  the  following  groundrules  were  established: 

® Payload  Performance  - The  performance  of  the  newly-designed  low- 
cost  payloads  was  to  be  equal  to  the  historical  or  "baseline" 
payload. 

* State -of -the -Art  Te chnology  - I970  technology  was  to  be  applied  to 
payload  hardware  (the  baseline  payloads  utilized  hardware  of  the 
1960's), 

® Baseline  Cost  Data  - All  cost  data  was  to  be  converted  to  I97O 
dollars . 

* Variants  for  Different  Launch  Vehicles  - The  low-cost  payload  designs 
were  to  be  developed  for  each  of  three  launch  vehicles;  (l)  Alternate 
Current,  (2)  Low-Cost  Expendable,  and  (3)  Space  Shuttle. 

® Weight  and  Volume  - The  low-cost  payload  design  was  to  assume 
essentially  no  weight  nor  volume  constraints  (except  those 
iitposed  by  the  selected  latinch  vehicles). 
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2.1.2  Study  Organization  and  Task  Breakdown 

A nucleus  team  was  assembled  for  the  study  effort  from  the  Space  Systems  Di>- 
vision  of  LMSC  and  comprised  senior  engineers  from  "both  the  spacecraft  design 
areas  (Special  Programs  and  Engineering  & Development)  and  the  Space  Shuttle 
design  area  (Manned  Space  Programs) . Other  supporting  personnel  were  obtained 
from  Planning,  Cost  Estimating,  Manufacturing,  and  Product  Assurance  organiza- 
tions as  required.  To  obtain  the  required  emphasis  and  managerial  attention 
to  the  study  and  its  results,  a direct  line  of  organization  was  established 
with  the  vice-president  and  general  manager  of  the  Space  Systems  Division. 
Eigure  2-1  illustrates  the  study  organization  within  LMSC. 

The  tasks  of  the  study  were  set-up  as  shown  on  Pig.  2-2.  These  were  described 
in  detail  in  the  aforementioned  LMSC  Study  Plan.  With  the  exception  of  Task  4, 
which  is  the  preparation  of  the  Payload  Designers'  Handbook,  the  analyses  and 
results  of  each  task  is  described  in  this  Final  Report.  A separate  document, 
LMSC-A990558  dated  30  June  L97I,  "DESIGN  HANDBOOK  FOR  LOW-COST  SPACE  SHUTTLE 
PAILOADS",  has  been  prepared  and  is  being  submitted  separately  as  a contract 
end- item  document. 

2.1.3  Payloads  and  Launch  Vehicles  Selected  for  the  Study 

It  was  required  for  this  study  that  payloads  be  selected  which  (l)  had  been 
flown  and  (2)  had  valid  and  available  historical  program  cost  data,  design 
definition  data,  and  operations  data.  Although  the  newer  ATS,  ERTS,  and  sim- 
ilar payloads  might  have  been  better  candidates,  otherwise,  the  required  data 
were  not  available.  The  following  three  basic  payloads  therefore  were  selec- 
ted: 

® Orbiting  Astronomical  Observatory  (OAO-B) 

® Lunar  Orbiter 
* Small  Research  Satellite 
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Because  tlie  Lunar  Orbiter-type  mission  was  not  applicable  to  the  new  MASA  mis- 
sion model  for  the  I978-I99O  time  period,  it  was  agreed  with  MSA  that  the  Lu- 
nar Orbiter  data  would  be  extrapolated  into  two  different  but  similar  payloads, 
a Synchronous  Equatorial  Orbiter  and  a Mars  Orbiter , The  Mars  Orbiter  was 
dropped  from  the  study  after  completion  of  initial  parametric  analyses . The 
extrapolation  technique  is  described  in  Section  3 of  this  report.  The  four 
baseline  payloads  upon  which  the  study  was  initially  based  are  shown  on  Eig. 

2-3. 


Payload  Effects  were  expected  to  result  from  both;  (l)  payload  hardware  and 
program  changes  regardless  of  launch  system  and  (2)  other  changes  which  were 
a function  of  the  performance  and  operational  environment  of  various  launch 
vehicles . Aerospace  Corporation  specified  and  supplied  the  performance  char- 
acteristics of  the  launch  vehicle  fleets  which  were  used  by  LMSC  in  the  study. 
The  launch  vehicles  for  each  of  the  four  baseline  payloads  were  selected  by 
matching  the  launch  vehicle  to  the  mission  requirement.  The  combinations  se- 
lected are  shown  on  Eig.  2-4. 

2.1.4  Basic  Study  Approach 

The  early  study  effort  (a)  identified  the  characteristics  of  historical  and 
current  payload  programs  which  could  be -changed  by  the  introduction  of  new 
launch/transportation  systems  and  thereby  offer  cost  reductions  and  (b)  estab- 
lished the  potential  "cost -driver"  payload  effects. 

2. 1.4.1  Traditional  Payload  Design/Operations . The  philosophy  which  has  been 
employed  for  most  of  the  historical  payloads  are: 

o Design  within  limited  weight  and  volume  constraints;  high-density 
packaging. 

a Heavy  en^hasis  on  low -risk  hardware;  extensive  reliability  and 
qualification  testing. 
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PAYLOAD 

TYPE 

MISSION 

DESTINATION 

LAUNCH  VEHICLE 

Baseline 

Alternate 

Current 

Expendable 

New 

Low-Cost 

Expendable 

Reusable 

STS 

SRS 

300  N.M. 
820 

SLV-3A/ 

Agena 

SLV-3C/ 
Burner  II 

3 Seg.  SRM/ 
Titan  Core  1 1/ 
Agena 

Shuttle 

OAO 

400  N.M. 
350 

SLV-3C/ 

Centaur 

SLV-3C/ 

Centaur 

TIII-L2 

Shuttle 

SEO 

Syneq. 
19320  N.M. 

SLV-3A/ 

Agena 

Titan  HID/ 
Centaur 

Titan  1 1 1 0/ 
Centaur  . 

Shuttle/ 
Space  Tug 

Mars 
Or  biter 

Mars 
Orbit  . 

SLV-3C/ 

Centaur 

Titan  Tl  1 D/ 
Centaur 

Titan  MID/ 
Centaur 

Shuttle/ 
Space  Tug 

1 N.M.  = 1,852  km 


SELECTED  LAUNCH  VEHICLE/PAYLOAD  COMBINATIONS 


Fig. 2-4 
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® level  of  doeimientation  and  configuration  management  (traceability; 

because  failed  hardware  not  obtainable) 

® Lengthy  ground  checkout  of  payload  prior  to  launch;  large  quantities 
of  personnel  on  multi-shift  for  ground  checkout,  pre -launch  monitor- 
ing, ascent  monitoring,  data  acquisition,  and  analysis 

® Project  management  decision  required  for  commitment  to  launch  (requires 
crew  of  specialists) , 

2.1  A. 2 Influence  of  New  Launch  Vehicles . Wxth  the  new  expendable  launch 
vehicles  and  the  Space  Shuttle,  a new  look  can  be  taken  at  payload  programs 
with  the  objective  of  simplification  and  reduced  cost.  The  parameters  listed 
following  indicate  the  primary  influences  (separately)  for  new  expendable  and 
the  Shuttle  launch  systems . Certain  characteristics  of  flight  attainable  with 
the  Shuttle  can  also  be  obtained  with  the  planned  expendables,  but  with  some 
penalty  to  the  latter:  (a)  the  "softer  ride"  can  be  obtained  with  the  new 

expendable  but  with  more  complexity  and  cost  than  has  been  planned  (throttling 
engines,  etc.);  (b)  also,  orbit  maintenance/refurbishment  can  be  accomplished 
using  expendables  but  at  considerably  increased  technical  development  risk  and 
cost. 


New 

Space 

Expendable 

Shuttle 

e 

Reduced  transportation  costs  . . 

. . X 

X 

0 

Increased  weight  and  volume  . . 

. . X 

X 

e 

Space  environment  flight  test 

X 

0 

Softer  ride 

(X) 

X 

(airplane -type  operation)  . . , 

6 

Payload  retrieval  and  diagnosis 

X 

6 

Orbit  raaintenance/refui Dxshment . 

. . (X) 

X 

e 

Checkout  on  orbit  . . 

X 

9 

Intact  abort  

X 
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2. 1.4. 3 R^incipal  Cost  Drivers . It  was  determined  that  there  were  a numher 
of  principal  areas  in  which  payload  program  cost  savings  could  be  derived. 

Ihe  primary  cost-drivers  listed  below  and  other  cost-reduction  approaches  were 
pursued  throu^out  the  study  and  are  explained  in  Sections  5,  8,  and  9, 

® Volume/wei^t  limits 
6 Ground/fli^t  test  philosopty 
s Eepair/ref urbishment  approach 

© Acceptance  of  risk  (reliability)  and  payload  operating  life 
® Quantity  and  quality  of  parts 
© Use  of  developed/qualif ied  hardware  (off -shelf) 

2.2  PAZLOAD  DATA  AITALYSIS  AMD  APPQRTIOBiEICT 


2.2.1  Cost  Breakdown 


Cost,  weight,  and  reliability  data  were  obtained  on  each  of  the  baseline  pay- 
loads.  To  assure  that  all  cost  data,  both  for  the  baseline  payloads  and  for 
the  to-be-designed  low-cost  payloads,  was  subdivided  on  a directly  cctmparable 
basis,  a cost  breakdown  structure  illustrated  in  Pig.  2-5  was  established. 
Puziher,  this  cost-element  listing  was  utilized  as  a check -list  during  subse- 
quent analyses  of  cost -reduct ion  potential. 

2.2.2  Hardware  Breakdown 

To  assure  similar  uniformity  in  hardware  breakdown,  a typical  payload  assembly 
breakdown  was  established.  The  eight  subsystems  are  shown  in  Fig.  2-6.  For 
purposes  of  weight,  reliability,  and  cost  tradeoffs,  the  experiment  package 
was  considered  a subsystem  and  integral  with  the  payload. 

2.2.3  Apportionment  of  Cost,  Weight,  Reliability 

Baseline  data,  as  received,  was  not  in  all  cases  segregated  into  the  afore- 
mentioned cost  element  and  hardware  breakdowns . Apportionment  was  therefore 
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Fig.  2~5  Cost  Breakdown  for  Visibility  of  Payload  Effects 
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Fig.  2-6  Subsystem  Breakdown  for  Hardware  Consistency 
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done,  -using  best  engineering  Judgment  and  the  available  data,  to  allocate  costs 
■weights , and  reliabilities  to  the  individual  subsystems . The  detail  apportion- 
ments are  shown  in  Section  3« 

2.2.4  Preliminary  Analysis  of  Payload  Effects 

To  obtain  a "feel"  for  the  type  and  magnitude  of  cost  savings  potential,  the 
cost  reduction  areas  were  matrix-plotted  against  the  cost  category  affected. 
Pigure  2-7  shows  a summary  of  this  analytical  approach.  In  this  manner,  a de- 
termination was  made  of  primary-emphasis  areas  for  cost  reduction  and  there 
was  developed  an  early  indication  what  savings  could  be  derived  for  the  Shuttle 
launched  versus  the  expendable -launched  payloads. 

2.3  PARAMETRIC  ANALYSIS  FOR  IMERIM  RBPORC 

The  early  need  date  for  preliminary  cost  data  on  payload  effects  (?  December 
1970)  necessitated  initiation  of  the  parametric  payload  cost-optimization  anal- 
ysis prior  to  establishment  of  point  designs  for  typical  low-cost  payloads. 

The  baseline  payload  data  analysis,  the  computerized  optimization  analysis, 
and  principal  results  are  summarized  below.  A detailed  description  is  pro- 
vided in  Sections  3 and  4 of  this  report. 

2.3.1  Computerized  Cost -Optimization  Analysis 

An  existing  LMSC  computer  program  was  modified  to:  (l)  accept  a fairly  large 

quantity  of  input  data  on  payload,  la-unch  vehicle,  and  mission  parameters;  (2) 
perform  a program-cost  minimization  calculation;  and  (3)  re-apportion  wei^t, 
reliability,  and  cost  to  each  of  the  optimized -payload  subsystems.  A schematic 
representation  of  this  analysis  technique  is  shown  on  Fig.  2-8.  One  of  the 
principal  features  of  this  cost -optimization  was  the  use  of  a multi -dimension- 
al CER  (cost  estimating  relationship)  concept  which  combined  and  traded-off  the 
parameters  of  cost,  weight,  and  reliability  (including  both  component  relia- 
bility and  redundancy  elements)  for  a const ant -performance  subsystem.  A sym- 
bolized illustration  of  this  concept  is  shown  in  Fig.  2-9;  a reduction  of 
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Fig.  2-7  Potential  Cost  Reduction  Areas 
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Fig.  2-8  Cost  Optimization  Analysis  for  Payload  Programs 
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Fig.  2-9  N-Dimensional  CER  - Typical  Subsystem 


LMSC-A990556 


LMSC-A990556 


required  reliability,  an  increase  in  weight,  or  a combination  of  these  is  in- 
dicated to  decrease  the  cost  of  a subsystem  below  that  of  the  baseline.  The 
development  and  use  of  this  concept  is  described  in  Section  4. 

A total  of  69  computer  runs  (the  complete  matrix  is  shown  in  Section  4)  were 
made  for  the  four  payloads  (OAO,  SEO,  SRS,  and  Mars  Orbit er)  used  in  combina- 
tion with  the  three  types  of  launch  vehicles.  The  input  variants  included: 

© Payload  weight  limits 
0 Program  time 

© Refurbishment  cycle  and  cost  ratio 
© Launch  cost 

The  significant  results  of  the  parametric  cost -optimization  -analysis  were: 

® Payload  cost  savings  using  Shuttle  are  significant 

® Payload  cost  savings  using  new -expendable  systems  are  attainable 
but  less  than  for  Shuttle -launched 

• Periodic  refnrbishments  and  reuse  (with  Shuttle  system)  provides  a 
principal  program  cost  saving 

© The  tradeoff/selection  of  refurbishment  vs  payload  life/reliability 
is  strongly  influenced  by: 

e Payload  vs  launch  vehicle  cost  ratio 
• Refurbished  vs  new  payload  cost  ratio 

2.3*2  Interim  Report  Data 

Preliminary  data  based  on  the  parametric  analysis  was  supplied  to  EASA  and  to 
Aerospace  Corporation  on  7 December  1970,  and  later  validated  and  expanded  in 
the  LMSC  "Interim  Report  - Payload  Effects  Analysis",  LMSC-A983808  dtd  22  De- 
cember 1970.  These  data  included  those  items  listed  on  Fig.  2-10. 
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• BASELINE  PAYLOAD  COST  DATA  BY  SUBSYSTEM 

• BASELINE  PAYLOAD  WEIGHT,  AND  RELIABILITY  DATA  BY  SUBSYSTEM 

• LOW-COST  PAYLOAD  TARGET  COSTS  (OAO,  SEO,  SRS,  MARS  ORBITER) 

BY  SUBSYSTEM  AND  BY  COST  CATEGORY 

« LOW-COST  PAYLOAD  WEIGHT,  VOLUME,  AND  RELIABILITY  CHARACTERISTICS 

• PARAMETRIC  PAYLOAD  EFFECTS  ON  PROGRAM  COSTS 

• REFURBISHMENT  CYCLE  TIME  AND  COST 

• MISSION  DURATION  AND  PAYLOAD  LIFE  REQUIREMENTS 
« RELIABILITY  AND  WEIGHT  SENSITIVITY 


Fig.  2-10  Mid-Term  Data  Drop  to  Aerospace 
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The  summary  of  the  preliminary  costs  or  "cost  targets"  for  the  OAO,  SEO,  and. 
SES  used  "With  the  Space  Shuttle  are  shown  on  Fig.  2-11.  Cost  target  data  for 
the  expendable -launched  payloads  are  included  in  Section  4. 

Supplementing  the  cost  data,  preliminary  engineering  estimates  of  the  weight 
and  volume  (envelope  configuration)  were  made  of  the  four  payloads  to  aid  Aero- 
space Corporation  in  their  "capture  analysis" . These  data  were  included  in 
document  LMSC-A973883  dtd  25  November  1970-  Because  the  2-year  SEO  was  devel- 
oped at  a later  date,  an  estimated  weight  was  not  available  at  the  time  of  the 
interim  report . 

2 . 4 DESIGN  OF  LOW-COST  PAYLOADS 


A low-cost  version  of  each  of  the  baseline  payloads,  OAO,  SEO,  and  SES,  was 
designed.  The  following  is  a brief  resume  of  the  groundrules  established  and 
designer  indoctrination  which  preceded  the  design,  the  results  of  the  low-cost 
design  effort,  and  the  development  of  guidelines  for  future  payload  design.  A 
considerable  amount  of  detail  is  provided  in  Section  5 of  this  report. 

2.4.1  Initial  Groundrules  for  Low-Cost  Design 

As  a first  step,  the  complete  set  of  baseline  design  data  for  each  payload  was 
thorou^ly  reviewed  to  understand,  the  relative  complexity  of  each  subsystem, 
the  parts  and  components  used,  and  the  type  and  amo\mt  of  testing  which  had 
been  performed.  The  payload  subsystem  characteristics  were  then  evaluated 
relevant  to  the  potential  for  cost  reduction.  A sample  matrix  is  shpwn  in 
Fig,  2-12  for  the  OAO. 

Instructions  were  then  given  to  the  designers  to:  (l)  familiarize  them  with 

the  results  of  the  parametric  cost -optimization  analysis;  (2)  explain  basic 
low-cost  design  approaches;  and  (s)  illustrate  the  effect  of  various  design 
approaches  upon  program  costs.  The  principal  instructions  are  listed  on  Fig. 
2-13.  In  addition,  the  following  basic  groundrules  were  established: 

I 
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Fig.  2-11  Low-Cost  Payload  Cost  Targets  (Shuttie-Launched)(Used  for  Interim  Data  Reports) 
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Fig,  2-12  Priority  of  Cost -Reduction  Potential  (Example) 
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t REVIEW  PARAMETRIC  TARGET  COSTS  AND  CONSIDER  REWTIONSHIPS  AND  COST 
EFFECTS  OF  WEIGHT,  RELIABILITY,  AND  REFURBISHMENT 

« REPETITIVE  REVIEW  OF  PAYLOAD  DESIGN  EFFECTS  UPON  PRIMARY  COST-DRIVER 
ELEMENTS 

• RDT&E  COST  REDUCTIONS  PREFERRED  OVER  UNIT  COST  REDUCTION 
« USE  PROVEN  TECHNOLOGY  AND  QUALIFIED  OFF-SHELF  HARDWARE 

• MINIMIZE  DEVELOPMENT/QUALIFICATION  TESTING 

• - REDUCE  TYPES  AND  QUANTITY  OF  DIFFERENT  COMPONENTS 
t PROVIDEMAXIMUM  ACCESSIBILITY 

• PROVIDE  FOR  GROWTH  AND  UPDATING 


Fig.  2-13  Special  I nstructions  to  Designers 


LMSC-A99O556 


LMSC-A990556 


• Volume  and  ¥ei^t  - Minimum  constraints 

• Performance  - Configuration,  functions,  and  hardware  may  he  altered 
to  obtain  cost  reduction;  however,  overall  performance  capability  must 
he  retained. 

a Overdesign  - Use  hi^  structural  safety  factors  and  reduce  parts/ 
component  stress  levels 

a Modularization  - Equipment  to  be  modularized  to  facilitate  on-orbit 
replacement  and  refurbishment/reuse 

« Hardware  Complexity  - Reduce  without  affecting  overall  payload 
reliability 

• Materiel  - Use  inexpensive  materials,  off -shelf  components 

For  the  Shuttle-launched  payloads,  a design  premise  was  developed  that  dis- 
tinguished "man-safety"  from  "man-rating" . In  agreement  with  the  Technical 
Monitoring  Team,  it  was  determined  that  the  man-safety  requirements  as  listed 
on  Fig.  2-lh  should  apply. 

2. if. 2 Specifications  for  Low-Cost  Payloads 

LMSC  prepared  a design/performance  specification  for  each  of  four  payloads: 


OAO 

LMSC-A97389O 

SEO 

LMSC-A9816OO 

SRS 

LMSC-A981647 

Mars 
Orbit er 

LMSC-A984063 

A summary  sheet  listing  some  of  the  basic  specification  requirements  for  the 
low-cost  OAO  is  shown  on  Fig.  2-15 • 
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MAN-RATING  OF  PAYLOADS  (NOT  REQUIRED) 

FAILURE  OF  PAYLOAD  HARDWARE  USUALLY  DOES  NOT  CONTRIBUTE  DIRECTLY 


TO  SAFETY  OF  FLIGHT.  IT  NEED  NOT  BE  MAN-RATED.  EXAMPLE:  COMPLETE 
FAILURE  OF  PAYLOAD  EIECTRICAL  SUBSYSTEM  HAS  NO  EFFECT  ON  SHUTTLE 
SAffiTY  OF  FLIGHT. 

MAN-SAFETY 

ALL  PAYLOAD  HARDWARE  ELEMENTS,  FAILURE  OR  MALFUNCTION  OF  WHICH 

MAY  DAMAGE  THE  SHUTTLE  OR  INJURE  PERSONNEL,  MUST  BE  DESIGNED  TO 

PREVENT  THE  FAILURE  OR  TO  RESTRAIN  THE  EFFECTS  WITHIN  THE  PAYLOAD: 

» USE  HIGHER  SAFETY  FACTORS  AND  OVERDESIGN 

• FOR  FLUID  SYSTEMS,  DESIGN  TANKAGE  TO  WITHSTAND 
OVERPRESSURES  EVEN  IF  RELIEF  VALVES  FAIL 

» PROVIDE  BLAST  SHIELDS  FOR  EXPLOSIVE  DEVICES 

« PROVIDE  DEACTIVATION  WHEN  CREW  IS  NEAR  PAYLOAD 


Fig.  2-14  Mar-Rating  vs  Man-Safety 
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» SPEC,  NO.;  LMSC-A973890,  dated  4 Dec  1970 
• PAYLOAD  NOMINAL  LIFE 

(a)  1-Year  (Hi-Rel  parts)  - Reliability  Goal  = .609 
(Experiment  = .940;  Spacecraft  = .648) 

(b)  4-8  month  (lower-quality  parts) 

9 MAINTENANCE/REFURBISHMENT; 

(a)  Consider  operation  up  to  5-years  with  periodic  refurbishment  at  l-yr  intervals 

(b)  Consider  maintenance  and  experiment  update  at  4 to  8 month  intervals 
" (c)  Docking  with  Space  Tug  and/or  Shuttle 

9 LAUNCH  VEHICLES: 

(a)  Space  Shuttle  - 30, 900  lb  to  OAO  orbit  (400  nm;  35  deg) 

(b)  New  Low-Cost  Expendable  - Tl  1 1 -L2  - 10, 000  lb  to  OAO  orbit 

(c)  Alternate  Current  Expendable  - Atlas/Centaur  - 9500  lb  to  OAQ  orbit 

9 EXPERIMENT; 

Stellar  Telescope  - 38  in.  aperture  with  1100  to  4267 -A  spectral  range;  and 
Spectrometer  1 arc  sec  pointing  accuracy 

9 OPERATIONAL  ORBIT; 

(a)  390  to  417  nm  circular  at  35  deg  - orbit  period  101  minutes 

(b)  348/520  nm  elliptical  at  35  deg 


1 lb  = 0.4536  kg 
1 in  = 2.54  cm 
1 nm  = 1.852  km 


Fig.  2-15  Low-Cost  OAO  Requirements  Highlights 
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2.4.3  Modular  Design  of  Low-Cost  Payloaxis 

Because  of  the  prime  importance  of  modular  design  to  allow  in-orbit  replace- 
menb  of  payload  equipment  for  repair  oi'  refurbishment,  explicit  requirements 
were  established  for  the  OAO  and  SEO.  Following  is  a summarization: 

® Divide  payload  subsystems  into  minimum  quantity  of  modules  consistent 
with: 

S'  Maximum  weight/size  which  can  be  readily  installed  or  removed  by 
space  crew 

6 Maximum  cost  of  a single  module  which  is  economical  for  spares 
replacement 

® Segregate  components  which  have  high  probability  of  replacement  from 
those  which  have  hi^er  predicted  life. 

® Establish  operating  tolerances  on  individual  modules  so  that  module 
replacement  will  not  require  payload  recalihration. 

® Provide  simple  functional  and  mechanical  interfaces  between  modules. 

® Provide  for  easy  access  to  and  removal/installation  of  modules 
without  need  for  special  tools . 

The  modular  design  was  actually  implemented  on  the  OAO  and  the  SEO  as  schem- 
atically illustrated  in  Figs.  2-l6  and  2-1?.  It  may  he  noted  that  some  com- 
partments have  been  left  en5)ty  to  accommodate  future  growth  and/or  update. 
Figure  2-l8  illustrates  the  four  different  modules  of  the  electrical  power  sub- 
system for  the  low-cost  SEO.  In  most  cases,  the  modules  of  the  various  sub- 
system are  a common  size,  approximately  l4  x 24  x 30  in.  (36  x 6l  x 76  cm) . 

As  is  pointed  out  in  Section  6,  the  module  approach  accmes  cost  savings  in 
manufacturing  assembly  and  testing  as  well  as  providing  ease  of  equipment  re- 
placement and  refurbishment . 
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Compartment 

Module 

A-l 

Empty 

A-2 

Electrical  Power  No.  2 

A-3 

Attitude  Control  No.  1 

B-l 

Empty 

B-2 

Electrical  Power  No.  1 

B-3 

Empty 

C-l 

Empty 

C-2 

Empty 

C-3 

Attitude  Control  No.  2 

D-l 

Stabilization  & Control  No.  1 

D-2 

Experiment  No.  1 ' 

D-3 

Empty 

E-1 

Stabilization  & Control  No.  3 

E-2 

CDPl’^Data  Distribution  Unit^" 

E-3 

Attitude  Control  No.  3 

F-I 

Stabilization  & Control  No.  2 

F-2 

CDPI-^  No.  1 

F-3 

Empty 

G-l 

Empty 

G-2 

CDPI  No.  2 

G-3 

Attitude  Control  No.  4 

H-l 

Empty 

H-2 

Stabilization  & Control  No.  4 

H-3 

Empty 

* Communications,  Data  Processing,  & Instrumentation 

Fixed  unit, 

not  replaceable  in  orbit 

Fig.  2-16  Low-Cost  OAO  IVlodule  Locations 
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East  Side 


West  Side 


K Elec.  No.  6 


Fig.  2-17  SEO  Module  Location  & Arrangement 
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SOLAR  PADDLE  MODULE  (2)  - 69  ib’  each 


9 8 Panels,  each  17  x 30;  672  cells  per  panel 

9 2 X 2 cm  solar  cells,  qty  per  paddle  - 5376 

9 Solar  cells  are  phosphorous  diffused  N/P 
silicon;  .012 thick  with  .020  cove rg lass,  (in.) 

® Slipring  on  paddle  shaft  transfers  array 
power  and  Instrumentation  to  brush 
assy,  on  spacecraft 


Fig.  2“!8  Low-Cost  SEO  Electrical  Subsystem 
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2.4.4  Parts  and  Component  Reliability 

It  was  recognized  early  in  the  study  that  reduction  in  payload  part/component 
quality  might  he  compatible  with  the  orbit  revisit  capability  of  the  Shuttle 
for  repair  or  refurbishment  of  the  payloads . Investigations  were  made  into 
relative  hardware  costs  for  various  quality  grades  and  the  practicability  of 
using  the  lower-cost  parts  on  future  payloads.  The  mission  model  requirements 
covering  the  Space  Shuttle  operational  time  period  indicated  a need  for  high- 
reliability  parts  and  components.  Therefore,  the  lower-cost  (MIL-Spee  and  air- 
craft) parts  were  not  pursued  to  their  final  potential.  This  area  should  be 
studied  in  more  depth  as  mission  equipment  and  spacecraft  subsystems  become 
better  defined. 

2. 4. 4.1  Percentage  of  Payload  Cost  Allocated  to  Part s /Components . The  percen- 
tage of  the  payload  recurring  cost  which  is  allocatable  to  purchased  parts  and 
components  ranges  from  about  10  to  20  percent,  depending  upon  how  much  hardware 
is  "off-the-shelf"  versus  how  much  is  in-house  special  "make"  category.  The 
parts  and  components  used  in  the  baseline  payloads  studies  were  all  hi-rel  type 
and  therefore  of  highest  cost . 

2. 4. 4. 2 Comparison  of  Part  Cost  vs  Quality.  The  parts  investigated  were  in 
four  basic  categories;  these  categories,  their  description,  and  the  comparative 
price  ranges  are  shown  on  Fig.  2-19 . 

2. 4. 4. 3 Comparison  of  Failure  Rates  and  Weights . The  failure  rate  of  MIL- 
Spec  parts  is  about  2 to  3 times  that  of  hi-rel  parts.  The  failure  rate  of 
aircraft  parts  is  about  10  times  that  of  hi-rel  parts,  but  more  importantly, 
the  drift  rate  is  about  4 times  the  hi-rel  part  drift  rate.  In  general,  the 
MIL-Spec  parts  are  comparable  in  wei^t  to  the  hi-rel;  the  aircraft -equivalent 
parts  are  noticeably  heavier,  as  indicated  by  a sample  listing  on  Fig.  2-20. 

I 

2. 4. 4. 4 Application  Analysis  of  MIL -Spec  Parts.  A preliminary  analysis  was 
made  of  MEL-Spec  part  application  to  an  SEO-tsrpe  payload.  It  was  determined 
feasible  to  use  these  parts  in  lieu  of  hi-rel  if  the  design  operating  life  of 
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HI  - RELIABILITY -COST- $x 


PRODUCED  ON  SPECIAL  PRODUCTION  LINES  IN  MOST  CASES;  MANY  PARTS  100% 
TESTED  FOR  PERFORMANCE;  ALL  PARTS  SCREENED  AND  BURNED  IN;  LIFE  OF  2-3 
YEARS  WITH  GOOD  PARAMETRIC  STABILITY  IS  POSSIBLE;  FAILURE  RATES  VERY 
WELL  DOCUMENTED 

MIL-SPEC  - COST  - $0. 3x  TO  $0. 5x 

SAMPLE  SELECTED  FROM  PRODUCTION  RUN  FOR  TEST  TO  SPEC.  REQTS.  - 
SAMPLE  PAS  SING  TEST  WILL  ACCEPT  TOTAL  LOT;  FAILURE  RATE2xT0  3x 
HI-REL;  APPROX.  70%  OF  HI-REL  PARAMETRIC  STABILITY 

S A I RC  RAFT  - COST  = «.  I5x  TO  $0. 2x 

H — — — — _ 

PARTS  TESTED  TO  PARAMETRIC  NORMS;  SAMPLE  FROM  EACH  LOT  SUBJECTED  TO 
SIMULATED  STRESSES  AND  SHOCKS  EXPECTED  IN  AIRCRAFT  FLIGHT - 
SAMPLE  FAILURE  REJECTS  TOTAL  LOT;  FAILURE  RATE  ABOUT  lOx  HI-REL  PARTS; 
ORIR  RATE  ABOUT  4x  HI-REL 

COMMERC I AL  - COST  - W.  05x  TO  $0.  lx 

MANUFACTURED  IN  VERY  LARGE  QUANTITIES;  SUBJECTED  TO  SIMPLE  GO-NO-GO 
TESTS,  SAMPLING  TECHNIQUES  TO  ACCEPT/REJECT  LOTS;  NO  FAILURE  RATE  DATA 
EXCEPT  BY  LOTS  REJECTED 


Fig.  2-19  Categories  of  PartsiComponents 
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Fig.  2-20 


COST  (APPROXIAAATE  $ PER  UNIT) 


Commercial 

Aircraft 

lV\n-Spec 

Hi-Rei 

1.65 

4.00 

10. 00 

65. 00 

0.25 

0. 75 

2.50 

7.50 

0. 17 

0.60 

2.20 

4.90 

0. 14/ft. 

0. 35/ft 

1. 15/ft 

2. 40/n 

0.24 

0.47 

1. 60 

4.85 

0. 60 

1.35 

3. 15 

8. 00 

1. 15 

2.75 

7.00 

16.60 

of  Cost  for  Different  Quality  Parts 
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the  SEO  (time  between  refurbishments)  could  be  limited  to  9 months.  Further 
analysis  of  this  part  application  approach  was  not  pursued  further  because  of 
the  higher  priority  of  completing  the  low-cost  2-year  SEO  preliminary  design 
and  analysis,  which  was  more  representative  of  the  predicted  future  mission 
requirements . 

« 

2. 4. 4. 5 Application  Analysis  of  Aircraft  Parts.  Another  preliminary  analysis 
was  made  of  substituting  aircraft  quality  parts  on  the  OAO  in  lieu  of  hi-rel 
parts.  Although  it  was  determined  to  be  feasible,  the  operating  life  of  the 
OAO  was  reduced  to  4-months,  principally  as  a result  of  the  relatively  hi^ 
drift  rates  of  the  aircraft  parts.  Further,  and  more  detailed,  analysis  of 
use  of  air craft -quality  parts  would  be  worthwhile  if: 

a.  It  was  otherwise  economically  feasible  to  revisit  and  refurbish  an 
orbiting  payload  at  short  time  intervals,  such  as  4 months. 

b.  The  additional  weight  penalty  of  the' aircraft  parts  was  found  to 
be  tolerable  (for  the  OAO,  an  additional  weight  of  about  2,000  lb 
was  estimated  for  use  of  aircraft -t3rpe  parts  versus  hi-rel)  . 

With  the  short -duration  sortie  missions  planned  with  the  Shuttle,  the  use  of 
aircraft  parts  mi^t  show  significant  benefits . Further  study  should  be  xmder 
taken  of  this  low-cost  part  application  as  the  sortie  mission  hardware  require 
ments  are  firmed -up. 

2.4.5  Lotf-Cost  Subsystem  and  Payload  Designs 

Each  subsystem  of  the  three  candidate  payloads,  OAO,  SEO  and  SRS,  was  analyzed 
as  to  functional  efficiency  and  general  cost-effectiveness  of  the  hardware. 
Low-cost  design  methodology  was  applied  and  a substitute  low-cost  subsystem 
was  developed.  The  design  outputs  included: 

• Parts  lists  with  weight  breakdown 

• Block  diagram  and  functional  description  of  subsystem 
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® Dimensions  and  alignment/ calibration  requirements 
® Special  test  requirements 
® Approximate  component  costs  (where  known) 

® Special  capabilities  in  groruid  and  flight  operations 
® Special  interface  requirements  with  launch  vehicle 

These  data  were  documented  in  a number  of  LMSC  engineering  memoranda  which 
were  provided  to  EASA  agencies  and  Aerospace  Corporation  for  information  and 
comment;  they  are  listed  following: 


Subsystem  or  Vehicle 

OAO 

SEO 

SRS 

Experiments 

EE-l 

PE -21 

pe-4i 

Stabilization  & Control 

PE -2 

PE -22 

PE -42 

Communications,  Data 
Processing  & Instrumentation 

PE-3 

PE -23 

EE -43 

Electrical 

PE-4 

PE -24 

ee-44 

Attitude  Control  & Propulsion 

ES-5 

ES-25 

PE-45 

Environmental  Control 

PE-6 

EE -26 

EE -46 

General  Description  of 
Payload - Shuttle -Launched 

EE -7 

PE -27 

EE-47 

General  Description  of 
Payload -Expendabl e -Launched 

PE -8 

PE -28 

EE -48 

2. 4. 5.1  Low-Cost  Subsystem  Characteristics . A siimmary  listing  of  the  prin- 
cipal cost-reduction  features  of  the  low-cost  subsystems  is  sho™  in  Fig.  2-21 
Special  attention  was  devoted  to  investigating  methods  for  cost -reduction  in 
electronic  assemblies.  After  review  of  historical  design,  mamjfacturing,  and 
product  assurance  at  LMSC  on  a large  variety  of  electronic  flight  hardware, 
basic  low-cost  design  principles  were  established;  Fig.  2-22  is  a summary  list 
ing  of  these . 

2. 4. 5. 2 Low-Cost  Payload  Configurations.  A structural  design  has  been  devel- 
oped for  each  payload,  with  external  configuration  being  determined  by  the  vol 
umetric  need  for  equipment  module  mounting.  The  general  configurations  of  the 
three  low-cost  payloads  are  Illustrated  in  Figs.  2-23,  2-24,  and  2-25- 
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STRUCTURES  & MECHANISMS 


e Low-cost  materials,  manufacturing  processes 
9 Simple  structure,  high  safety  factors  (3  or  more) 

• Maximum -allowable  dimensional  tolerances 

f Eliminate  extension  mechanisms  where  possible 

AVIONICS 

9 I ncrease  on-board  data  processing  capability  (computer) 

0 Utilize  Shuttle  GNC  capability  for  initial  orbit  positioning 
® Design  modules,  components  to  allow  replacement  without  recalibration 

• Reduce  packaging  density 

• Standardize  hardware  elements  (circuits,  PCBs,  etc.) 

EXPERIMENTS 

• Standardized  and  versatile  interface  with  payload 

• Design  for  fixed -mounting  and  ground  alignment  where  possible 

• Mechanisms  to  be  self-supporting  in  1-g  field 

ELECTRICAL 

• Ruggedized  simple  sheet  metal  structure  for  solar  array  structure 
9 Fixed  solar  arrays  - eliminate  folding  where  possible 

f Large-size,  97.5%  yield  solar  cells 

• Design  for  long-time  degradation  to  reduce  average  refurbishment  cost 


Fig,  2-21  Principal  Contributors  to  Subsystem  Cost  Reduction 
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STANDARDIZE  BOX  AND  PCB  SIZES  AND  CONNECTORS  WHERE  POSSIBLE 


» STANDARDIZE  CIRCUITRY  ELEMENTS 


» DECREASE  CIRCUIT  DENSITY  OF  PARTS  - REDUCTION  FROM  75%  TO  30% 
ALLOWS  ABOUT  35%  SAVING  IN  MANUFACTURING/INSPECTION  LABOR 


9 DESIGN  THE  BREADBOARD  UNIT  AS  A PRODUCTION  PROTOTYPE  - USE 
PRODUCTION  PROCESSES  FOR  FABRICATION  OF  BREADBOARD 

I 

U) 

o\ 

9 INCREASE  CONDUCTOR  SPACING:  PROVIDE  "BLANK"  SPACE  ON  PCBs 


9 USE  CONFORMAL  COATING  IN  LIEU  OF  HARD  POHING  TO  ALLOW  REPAIRS 


9 USE  PCBs  IN  LIEU  OF  CORDWOOD  MODULES  -ALLOWS  REDUCTION  UP  TO 
5W>  OF  TROUBLE-SHOOTING  AND  INSPECTION  LABOR 


Fig.  2-22  Some  Approaches  to  Design  of  Low-Cost  Electronic  Boxes 
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Fig.  2-23  Low-Cost  OAO  Configuration 
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All  dimensions  in  inches 


(T)  Shuttle  Support  Lug  (IL/IR) 

<J)  Solar  Arrays  - SunOrienting 

(5)  Access  Doors  to  Modules 
(opposite  side  same) 

(D  Docking  Ring  Assy 
(f)  Hi -gain  Antenna 


1 in.  - 2.5^  am 


Fig.  2-24  Low-Cost  SEO  General  Configuration 
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MULTILAIER 

INSULATION 
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2. 4-5 -3  Weights  of  Low-Cos b Payloads.  Weight  sl.afcomonts  were  prepared  for  the 
OAO  and  SEO  comparing  the  baseline  with  the  low-cost  versions  are  shown  on  Eigs. 
2-26  and  2-2?. 

2-5  ELAWS  AM)  COST  ESTIMATES 


To  provide  the  basis  for  estimating  the  costs  of  developing,  manufacturing  and 
operating  the  low  cost  payloads,  program  plans  were  prepared  for  each  of  the 
three  payloads-  Using  these  plans  and  the  design  data  (described  in  detail  in 
Section  5),  bottom-up  cost  estimates  were  made.  The  various  details  of  the 
planning  and  costing  effort  are  Included  in  Section  6 of  the  report-  Eollowing 
is  a summary  of  the  highli^ts. 

2-5.1  Planning  Approach 

Program  plans  were  prepared  covering  development,  qualification,  manufacturing, 
and  operations  of  the  low-cost  payloads . The 'basic  guidelines  used  are  listed 
on  Pig.  2-28.  A typical  master  schedule  developed  for  a low-cost  payload  pro- 
gram (OAO-B)  is  shown  on  Pig.  2-29- 

2-5-2  Cost  Estimates  - Low-Cost  Payloads 

Cost  estimates  were  made  on  each  low-cost  payload  program.  The  basic  approach 
used  is  summarized  on  Fig.  2-30- 

The  summary  of  RDT&E,  unit,  and  operations  cost  for  each  Shuttle -launched  pay- 
load  is  shown  on  Fig.  2-31;  the  baseline  costs  are  shown  for  comparison.  The 
OAO  figures  for  designs  with  and  without  a computer  are  shown.  (Par.  2-5-4 
explains  the  computer  significance.) 

2.5.3  Recosting  of  Baseline  OAO,  SEO 

Because  of  the  desire  to  have  a "calibration"  of  the  LMSC  estimates  so  that 
true  delta-cost  values  could  be  derived  between  the  low-cost  payloads  and  the 
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BASELINE 

LOW-COST  OAO  WEIGHTS  (LB)* 

SUBSYSTEM 

OAO  WEIGHT 
(LB) 

SHUTTLE- 

LAUNCHED 

EXPENDABLE** 

BOOSTER-LAUNCHED 

EXPERIMENT 

967 

1,970 

1.985 

STRUCTURE  AND 
MECHANISMS 

1,141 

1,762 

1,787 

STABILIZATION 
AND  CONTROL 

716 

655 

726 

COMMUNICATION,  DATA 
PROC.,  INSTRUMENTATION 

456 

443 

457 

ELECTRICAL 

1,232 

1,775 

1,859 

ENVIRONMENTAL  CONTROL 

100 

100 

100 

ATTITUDE  CONTROL 

199 

883 

883 

PAYLOAD  TOTAL  (DRY) 

4,811 

7,588 

7,797 

* Includes  approximately  15  percent  contingency.  i it  = 0.4536  kg 

Also  requires  a payload  adapter  weighing  291  lb. 

***  Add  320  lb  of  Freon  for  total  payload  weight 

Fig.  2-26  Baseline  and  Low-Cost  OAO  Weights 
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HARDWARE  ELEMENT 

BASELINE 

SEO 

SHUmE-LAUNCHED 
LOW-COST  SEO** 

EXPENDABLE-LAUNCHED 
LOW-COST  SEO"'"' 

Experiment  Package"' 

294  lb 

518  lb 

518  lb 

Structures  & Mechanisms 

133 

742 

722 

Electrical  Power 

312 

580 

580 

Attitude  Control 

70 

573 

573 

Stabilization  & Control 
Communications, 

136 

223 

223 

Data  Processing,  & 
Instrumentation 

147 

254 

277 

Environmental  Control 

11 

73 

73 

Total  Dry  Weight  

( 1091  lb) 

(2963  lb) 

( 2966  lb) 

Attitude  Control  Gas  (Freon  14) 

60 

164 

164 

Total  Payload  Weight 

Including  12  lb 

1151  lb 

3127  lb 

3130  lb) 

**  Including  weight  contingency  of  approx.  15%  i ib  = 0.4536  kg 

Adapter  weighing  265  lb.  also  required 


Fig.  2-27  Weight  Summary  - Low-Cost  SEO 
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COMPARABILITY  TO  BASELINE  RETAINED 


ro 


U) 


- No  refurbishment  costs  included 

- Flight -article  quantity  same  as  baseline 

- Equipment  and  software  development  comparable  to  baseline  program 

® NASA  PHASED  PROJECT  PLANNING  APPROACH 

OAO  - 4 1/2  Year  Program  - Phase  B to  launch 

SEO  - 3 i/2  Year  Program  - Phase  B to  launch  - combined  Phase  C/D 

(Lunar  Orbiter) 

® CURRENT  NASA/DOD  PROGRAM  MANAGEIVIENT  APPROACHES 

-MIL-STD-499 
-NHB  5300,4  (lA)  and  IB) 

9 GEE  ASSUMED 

- Launch  vehicle,  fairings,  and  adapters,  launch  services  control  center,  STADAN, 
NASCOM,  operational  computer 

® SIMILAR  SPACECRAFT  DESIGN  FOR  EITHER  SHUTTLE  OR  EXPENDABLE 


Fig.  2-28  Planning  Guidelines 
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l\) 

I 


PHASE 

ENGINEERING 

MANUFACTUR- 

ING 

TESTING 

OPERATIONS 


B 


Prelim. 

Design 

DefijjjLtion  Design 

Critical  Rev.^ 

Analysis 
& Trades 


Larinch 


Breadboards 

BMW 

Soft  Mockup, 

R&D 


Detailed 
Design  Finalization 

Long-Lead  Tooling 


Development/ Operations 

Final  Release 

Sustaining 


Support 


Hard  Mockups 
Procurement 

Tooling 

GSE 

Devel.  & Certif, 


QTV 


FTV  Launch 

T 


FIV 


Plight  Ops 


-4 1 I L_ L 

-4  -3  -2  -I  0 

Years  from  Launch 


_L 

+) 


Fig.  2-29  Low  Cost  OAO-B  Master  Schedule  (Space  Shuttle -Launched) 
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® Bottom-up  costing  - using  1970  rates  - includes  labor,  overhead,  and  G&A 
(no  prime  contractor  fee) 

® Engineering,  Manufacturing,  Test,  and  Operations  cost  estimates  based  on 
Program  Plan 

@ Typical  Program  Management  and  Quality  Assurance  percentages  applied 
» Allowances  included  for: 

ro 

- Rework  and  scrappage 

- Engineering  changes 

- Spares  and  Logistic  Support 

- Tooling,  GSE,  and  S TE Maintenance 

- Computer  Hours 

© All  cost  spreads  by  subsystem  and  by  year 


Fig.  2-30  Estimating  Approach  for  Low-Cost  OAO  and  SEO 
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historical  baseline,  it  was  requested  by  MSA/HQ  that  LMSC  estimate  the  costs 
of  the  baseline  OAO  and  SEO  payload  programs:  (l)  using  the  same  estimating  ' 
methods  employed  on  the  low-cost  payloads;  but  (2)  using  all  the  program  ap- 
proach and  hardware  of  the  baseline  programs. 

Eecosting  of  the  baseline  programs  vras  accomplished.  The  results  are  summar- 
ized in  Fig.  2-32  (OAO-B)  and  Fig.  2-33  (SEO).  There  are  some  significant  dif- 
ferences at  the  subsystem  level  but  the  total  program  costs  are  very  nearly 
the  same.  It  was  thereafter  assumed  that  the  LMSC  estimating  methodology  em- 
ployed sufficient  realism  and  conservatism  so  that  the  low-cost  payload  esti- 
mates could  be  used  without  multiplying  by  a "growth"  factor. 

2.5.4  Technology  vs  Fayload  Effects 

As  mentioned  early  in  this  report,  a baseline  requirement  of  the  study  was  to 
use  1970  technology  where  possible  to  obtain  a cost  reduction.  In  general, 
technology  did  not  influence  the  low-cost  design  approach  in  a cost -significant 
manner.  The  principal  exception  was  in  the  OAO,  where  a 1970  state-of-the-art 
general-purpose  computer  was  substituted  for  a fairly  large  quantity  of  elec- 
tronic assemblies  in  the  Stabilization  & Control  and  CDPI  subsystems . This 
type  of  fairly  low-cost,  reliable  computer  was  not  available  for  spacecraft 
application  in  the  early  1960's  (during  the  OAO  development).  The  use  of  this 
computer  accounted  for  a large  percentage  of  the  EDT&B  and  unit  cost  savings 
in  the  low-cost  OAO.  A separate  cost -allocation  analysis  was  performed,  in- 
cluding recosting  of  the  low-cost  OAO  without  the  computer  substitution.  The 
resulting  costs  indicated  that  the  computer  substitution  accounted  for  about 
35  percent  of  the  total  program  savings  on  the  OAO  (33.6  percent  of  the  RLT&E 
savings;  39.5  percent  of  the  unit  savings).  The  "without -computer"  low-cost 
OAO  provided  about  a 33  percent  reduction  in  baseline  EDTStE  and  unit  cost  when 
compared  with  the  "with-computer"  reduction  of  50  percent.  Figure  2-34  illus- 
trates graphically  the  major  contributors  to  the  50  percent  cost  reduction 
(equivalent  to  the  100  percent  "savings"  shown) . 
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Costs  in 
Millions 


Subsystems 


Experiments 
Structures  & Mech. 
Electrical 

Stabilization  & Cont. 

Attitude  Control 

Communications, 

Data  Processing,  & 
Instrumentation 

Environmental  Control 

Unallocated 


TOTAL  PAYLOAD 


HISTORICAL  COSTS 


RDT&E  Unit  Unit 

Cost  Cost  Ops. 


$165,409  $36.15 


RECOSTED  OAO-B 


Unit 

Cost 


Unit 

Ops. 


$ 0.600 

$ 0.150 

$ 0.100 

, $ 0.850 

$ 1.088 

8.717 

7.800 

2.200 

18.717 

15.757 

9.044 

5.100 

0.020 

14.164 

11.020 

17.083 

2.900 

0.550 

20.533 

17.396 

78.469 

11.700 

3.900 

94.069 

72.292 

3.275 

0.300 

0.200 

3.775 

4.877 

40.823 

4.6(K) 

2.800 

48.223 

38.895 

6.045 

1.000 

0.550 

7.595 

5.028 

1.353 

2.600 

0.9(X) 

4.853 

I.3II 

$0,166  $ 0.081  $ 


3.573 

1.156 

3.583 

14.302 

1.074 


0.217 


2.127 

0.393 

0.726: 

3.599 

0.209 

3.086 

0.298 

0.473 


48.902 


167.664  $31,965  $ 10.992  $ 210.621 


Initial  baseline  data  from  NASA/Goddard 

Fig.  2-32  Comparison  of  Historical  & Recosted  OAO-B  Costs  (1970  $) 
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J 

1 

I 

T] 

n 

□ 


1 

) 


lO 

I 

■p- 

so 


COST  IN 
\^^LLI0N 

SUBSYSTEM^^ 

Adapter 

Experiments 

Structures  & 
Mechanisms 

Electrical 

Stabiliz.  & Control 
Att.  Control 
CDP  & 1 
ECS 

Unallocated 


* Includes  5 units 


Fig. 


ORIGINAL  BASELINE  (2  YR.) 


RECOSTED  BASELINE 


RDT&E 

Avg. 

Unit 

4 Unit 
Ods. 

Total’^ 

Proqram 

RDT&E 

■SH 

mmm 

4 Unit 
Ops, 

Total* 

Proqram 

2.9 

0.2 

1.7 

5.7 

1.2 

0.2 

0.1 

2.3 

47.1 

2.5 

9.3 

69.1 

46.9 

3.0 

5.6 

67.6 

6.9 

1.2 

0.8 

13.6 

10.6 

1.3 

1.0 

17.9 

12.4 

1.9 

1.9 

23.9 

14.1 

2.1 

2.1 

26.4 

15.9 

3.3 

2.5 

34.8 

17.1 

2.5 

2.7 

32.3 

4.0 

0.6 

0.5 

7.8 

4.1 

0.6 

0.6 

7.4 

25.9 

3.9 

4.3 

49.6 

25.4 

3.3 

3.9 

46.0 

0.5 

0.1 

0.1 

0.7 

1.1 

0.1 

0.2 

2.1 

1.1 

0.2 

1.2 

3.3 

0.3 

0.1 

0.3 

1.1 

116.7 

13.9 

22.3 

208.5 

120.8 

13.2 

16.5 

203.1 

Comparison  of  Historical  & Recosted  SEO  Baseline  Costs 
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Fig.  2-34 


65%  of  Savings 
Payload  Effects 


35%  of  Savings 
1970  Technology 


vs  Payload  Effects  - OAO-B 
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2,6  IMPACT  OF  LOW-COST  PAYLOADS  OM  TRAMSPOBTATIOIT  SYSTEM  MD  PBOGRAM  COSTS 

Because  Ox  the  strong  dependence  of  the  Shuttle -launched  low-cost  payloads  upon 
the  implementation  of  payload-compatible  interfaces,  it  was  determined  neces- 
sary to  verify  that  the  LMSC-proposed  interfaces  with  the  Shuttle  system  were 
feasible  and  practicable.  Conceptual  designs  were  therefore  created  for:  (l) 

a payload  deployment/retrieval  gear  and,  (2)  a payload  checkout  set  for  on- 
orbit  use  with  the  Shuttle.  Also,  a complete  concept  for  repair  and  refur- 
bishment was  developed  for  payloads  on  orbit  and  modules  and  components  on  the 
ground. 

These  concepts  are  discussed  in  detail  in  Section  8 of  the  report.  A summary 
of  approaches  and  results  is  presented  following. 

2.6.1  Payload/Shuttle  Interfaces 

In  obtaining  the  maximum  cost  benefit  from  the  low-cost  payloads,  it  seemed 
desirable  to  adapt  the  payloads  and  the  supporting  Shuttle  systems  to  "a  launch 
base  on  orbit".  In  this  manner,  the  failures  experienced  in  launch/ ascent 
could  he  repaired  on  orbit  prior  to  payload  deployment  from  the  Shuttle.  This 
concept  required:  (l)  the  use  of  on-orbit  checkout  by  Shuttle -carried  payload 

checkout  equipment  and,  (2)  the  design  of  payloads  to  allow  easy  repair,  re- 
furbishment, and  reuse,  it  was  necessary  to  provide  an  installation  which  could 
be  employed  for  these  operations  with  various  payloads . The  elements  of  the 
payload  support  equipment  and  interfaces  are  listed  on  Fig.  2-35  with  the  low- 
cost  OAO  extended  on  deployment  booms.  These  interfaces  have  been  investi- 
gated, preliminary  requirements  established,  and  payload  compatibility  with 
the  Shuttle  has  been  verified. 

2.6.2  Payload  Support,  Deployment,  and  Retrieval 

A universal -usage  deployment /retrieval  gear  was  conceptually  designed.  The 
principal  hardware  elements  are  bi-stem  extendable  booms,  smaller  sizes  of 
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© Structural  Supports  and  Latches 

© Deployment/Retrieval  Mechanisms 

e Hardline  Umbilical 

« Payload  Checkout  Equipment 

© Payload  Service  Panel 
{Electrical,  etc.) 


© Cargo  Crew  Provisions 

• Payload  Monitor/Checkout 
e Payload  Deployment  Control  Panel 

« Stowage  for  Payload  Replacement  Modules 

• Access  Provisions  to  Payload 


Eig.  2-35  Shuttle  I nterfaces  with  Low-Cost  Payloads 
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which  have  heen  successfully  used  on  previous  spacecraft  applications.  These 
booms,  installed  as  a single  unit,  in  pairs,  or  as  a set  of  four,  can  extend 
or  retract  a payload  from  its  base  mounting  position  in  the  Shuttle  cargo  bay. 

A scale  drawing  of  the  installation  of  the  SEO/Tug  in  the  Shuttle  is  shown  on 
Fig.  2-36.  Six  latching  hold-down  supports  (iL/lR  on  the  SEO  and  2L/2R  on  the 
Tug)  sustain  all  launch/ascent , maneuvering,  reentry,  and  landing  loads.  The 
booms  operating  in  zero-g  are  stiff  enough  to  sustain  the  bending  loads  applied 
by  minor  maneuvering  of  the  Shuttle  even  with  booms  extended.  The  booms  can 
sustain  reasonable  loads  even  in  1-g  load  field  and  can  be  readily  tested  on 
the  ground  with  simulated  weights  attached.  Figure  2-37  shows  the  SEO/Tug  ex- 
tended on  the  booms  and  a support  cradle  assembly  which  comprises  remote- 
actuated  latches  (energized  via  electrical  cable  which  is  reeled  out  within 
each  boom)  at  each  of  the  four  corners.  Retrieval  of  the  SEO/Tug  is  accomplished 
by  engagement  of  the  four  support  pins  on  the  Tug  into  the  mating  drogue  funnels 
on  the  extended  cradle  assembly.  Positioning  for  engagement  can  be  accomplished 
by  vernier  control  of  the  Tug,  by  use  of  telefactor  robot,  by  separate  "grap- 
pling" mechanism  deployed  from  the  Shuttle,  and/or  hy  use  of  crew  in  EVA  with 
strap-on  thruster  devices . 

2.6.3  On-Orhit  and  Standardized  Checkout 

On-orbit  checkout  of  payloads  provide  specific  advantages; 

• Greatly  increases  probability  of  successful  mission  hy  allowing 
elimination  of  launch/ ascent  failure  contribution 

® Allows  lower  payload  design  reliability  and  concomitant  reduced 
cost 

6 Allows  payload  - cognizant  personnel  to  perform  first-hand 
observation  of  payload  operating  in  orbit  environment  ■ 

® Makes  feasible  on-orhit  module  replacement  and  re-checkout 

1 

for  repair  or  refurbishment 
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Fig.  2-37  SEO/Tug  Extended  Position  for  Deployment/Retrieval 
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A phased- checkout  approach  was  developeil  so  that  payloads  could  he  exposed  to 
a series  of  verifications,  using  the  same  checkout  set.  The’  seven  phases  of 
test/ checkout  proposed  are  shown  on  Fig.  2-38.  Phase  I is  accomplished  at  the 
payload  production  plant  and  Phase  II  is  accomplished  at  the  launch  base  prior 
to  mating  of  the  payload  into  the  Shuttle.  Phases  III  through  VII  are  conduc- 
ted with  payload  mounted  in  the  Shuttle  and  using  a Shuttle-carried  payload 
checkout  set.  Considerable  analysis  of  this  concept  has  been  done  and  detail 
checkout  lists  have  been  created  for  the  OAO,  equivalent  to  the  historical 
ground  checkout  requirements  for  the  OAO-3  payload  (reference  data  supplied  by 
MASA/GSFC) . It  has  been  determined  that  the  concept  is  feasible  and  desirable. 
Further,  actual  concept  design  of  a Shuttle -carried  checkout  set  has  been  de- 
veloped and  wei^t,  volume,  and  cost  estimates  made. 

An  extension  of  the  payload  checkout  set,  standardized  checkout  equipment,  has 
also  been  investigated  and  also  determined  to  be  feasible.  The  qualitative 
cost  reduction  aspects  of  this  concept  are  listed  on  Fig.  2-39. 

2.6.4  Kepair,  Refurbishment,  and  Reuse  of  Payloads 

The  single  most  important  cost  driver  in  the  unmanned  payload  cost-reduction 
effort  is  the  repair,  refurbishment,  and  reuse  of  payloads.  A methodology  was 
therefore  .developed  to  validate  the  feasibility  and  quantitative  cost  data 
were  derived  for  repair/refurbishment  which  could  be  used  for  application  to 
the  total  mission  model  by  Aerospace  Corporation  and  Mathematica.  A complete 
description  is  included  in  sub-section  8.4  of  this -report . A brief  resume  is 
provided  following. 

1 

2. 6. 4.1  Investigation  of  Hardware  and  Operational  Factors . A number  of  fac- 
tors were  considered  and  ■'analyzed  dxiring  establishment  of  the  proposed  payload 
repair/refurbishment  approaches;  they  are  listed  on  Fig.  2-40.  Some  of  the 
possible  modes  of  in-orbit  repair/refurbishment  are  conceptually  pictured  in 
Fig.  2-4i.  Although  the  pressurized  IVA  (shirt  sleeve)  mode  was  initially  de- 
sired by  MSA  in  the  early  Shuttle  design  phase,  it  has  been  removed  as  a man- 
datory requirement  in  favor  of  EVA  or  non-pressurized  IVA  modes  for  crew  direct 
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Fig.  2-38  Phased  Test  & Checkout  Approach  “ Low-Cost  Payloads  with  Shuttle 
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» USE  OF  "STANDARD"  SUBSYSTOM  APPROACH  ALLOWS  STRONG  CONSIDERATION 
OF  MATCHING  STANDARD  CHECKOUT  EQUIPMENT 

• ALLOWS  STANDARDIZATION  OF  FAULT  ISOLATION  AND  LOWER  DIAGNOSIS  COSTS 

• A STANDARD  CHECKOUT  SET  APPROACH  WOULD  PERMIT  REDUCTION  IN  RDT&E 
COSTS  WHEN  COMPARED  TO  THE  SEPARATE  DEVELOPMENT  FOR  EACH  MISSION 
OF  A PAYLOAD-PECULIAR  CHECKOUT  SET 

• PERMITS  REDUCTION  OF  RECURRING  COSTS  BY  LARGE-QUANTITY  PRODUCTION 
OF  STANDARD  CHECKOUT  SETS  TO  BE  USED  WITH  ALL  PAYLOAD  SUBSYSTEMS 
(COULD  BE  GFE) 

• ALLOWS  COROLLARY  STANDARDIZATION  AND  COST  REDUCTION  OF  SHUTTLE 
MATING  INTERFACES 

• ALLOWS  GENERALIZED TRAININGOFTEST/CHECKOUT CREWS 


Fig.  2-39  Cost  Reductions  with  Standardized  Checkout  Equipment 
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» DEACTIVATION  AND  AniTUDE  STABILIZATION  OF  PAYLOAD 
a EVA  VS  REMOTE  MANIPULATORS 

a MANNED  AND  UNMANNED  SPACE  TUG  OPERATIONS  WITH  THE  SHUHLE 
a RECALI BRATION  OF  PAYLOAD  AFTER  MODULE  REPLACEMENT 
a GROUND-BASE  RESPONSE  TIME 
a TURN  AROUND  TIME  FOR  GROUND  REFURBISHMENT 
a ON-ORBIT  RE-CHECKOUT  AFTER  MAINTENANCE/REFURBISHMENT 
a PAYLOAD  WEA ROUT/RELIABILITY  VS  REFURBISHMENT  CYCLE 


Fig.  2-40  In-Orbit Maintenance/Refurbishmenf  Analyses 
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PRESSURIZED  IVA 


Fig.  2-41  In-OrbitIVlaintenance/Refurbishment  Concepts 
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access  to  payloads  in  combination  with  automated  payload  handling  devices . An 
automated  module  replacement  device  could  be  readily  substituted  for  the  robot 
mode  pictured;  NASA/GSFC  has  done  preliminary  work  on  such  a device  for  use 
with  the  Large  Stellar  Telescope. 

2. 6. 4. 2 Basic  Approach  to  Eepair/Refurbi shment . Figure  2-42  provides  a basic 
tabulation  of  the  four  elements  involved  in  repair  and  refurbishment  of  the 
OAO  and  SEO  low-cost  payloads . 

2. 6. 4. 3 Cost  Savings  with  Payload  Refurbishment.  The  savings  attainable  with 
the  proposed  refurbishment  at  the  payload,  module,  and  component  level  are  ex- 
tremely significant.  Figure  2-43  is  a tabulation  of  results  obtained  from  the 
OAO  and  SEO  refurbishment  analyses.  At  the  payload  system  level,  the  refur- 
bishment approach  provides  a 39  percent  saving  for  an  OAO  6-year  program  and 

a 4l  percent  saving  for  a 10-year  SEO  program  (compared  with  a low-cost  expen- 
dable-launched payload) . When  the  launch  and  operations  costs  are  made  part 
of  the  total,  the  savings  increase  to  50  percent  for  both  the  OAO  and  SEO  pro- 
grams , 

2. 6. 4. 4 Refurbishment  Cost  Ratios . Summary  calculations  were  made  of  the  cost 
of  a refurbished  OAO  or  SEO.  The  "average"  refurbished  OAO  would  cost  32.5  per- 
cent of  the  unit  recurring  cost  of  a new  OAO,  with  refurbishment  performed  on  a 
one-year  time  cycle.  The  average  refurbished  SEO  would  cost  39  percent  of  a nei'f 
SEO,  with  refurbishment  performed  on  a two-year  time  cycle. 

2.7  STAnPABD  SPACECRAFT  AED  SUBSYSTEMS 


As  a separate  task  of  the  study  (Task  3) j Jiot  directly  contributing  to  the  cost 
reductions  documented  for  the  low-cost  OAO,  SEO,  and  SRS  payloads;  the  concept 
of  a standard  spacecraft  was  investigated  to:  (l)  ascertain  the  technical 

feasibility  and,  (2)  determine  the  economic  desirability.  This  effort  is  des- 
cribed in  detail  in  Section  7 of  this  report;  a hi^li^t  summary  is  provided 
following. 
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REPAIR  ON  ORBIT 


ro 


i\J 


9 

0 

0 

$ 


ac  different  iTiodules  (total  wt.  2093  lb) 

Carry  as  spares  on  initial  launch  ^ j)jf(grent  modules  (total  wt.  1423  lb) 

Checkout  of  payload  on  orbit 

Replace  any  module  which  has  failed  or  degraded  in  launch/ascent 
Return  failed  module  for  ground  refurbishment 


- OAO 

- SEO 


9 REFURBISHMENT  OF  PAYLOAD 

9 Periodically  replace  the  orbiting  payload  with  a refurbished  (at  nom,  l-yr.  interval 
for  OAO;  at  2-yr.  intervals  for  SEO) 

e Retrieve  the  "used”  payload  from  orbit  with  Shuttle  or  Tug/Shuttle  and  return  to  earth. 
« Remove  used/failed  modules  from  space  frame 
0 Install  new  (or  refurbished)  modules 
0 Perform  system-level  payload  checkout 

• REFURBISHMENT  OF  MODULES 

• Remove  module  cover  and  equipment  components 

• Install  new  (or  refurbished)  components  into  module 

« Test  module  in  spacecraft  simulator,  using  standard  checkout  set 
9 REFURBISHMENT  OF  COMPONENTS 


Fig.  2-42  Low-Cost  Payload  Repair/Returbishment  Approach 
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COST  ELEMENT 

* 

OAO  (6-Year  Program) 

** 

SEO  (10-Year  Program) 

Expendable - 
Launched 

Shuttle- 

Launched 

Expendable- 

Launched 

Shuttle- 

Launched 

Non-Recurring 

Unit  Cost  - Delivered  Payloads 
Average  Refurb.  Ratio 
Payload  Module/Component  Refurb 

$ 89.41  M 

114.84 

$ 84.03  M 

15.81 
.325/1  yr. 
25.29 

$ 97.99  M 
234.56 

$ 85.70  1V 

49.15 

.390/2  yrs. 
60.88 

Payload  Totals 

( 204.25) 

125.13 

( 332.55) 

195.73 

Launch  Costs 

108.00 

18.00 

318.00 

102.00 

Operations  Cost 

40.02 

31.05 

67.80 

59.75 

Total  Program  Cost 

$ ( 352.27)M 

$ f 

174.18 

M 

$:  718.35 

$ i 

357.48 

M 

. . 

Program  Savings  > 

$178.1M 

$ 360.9  M 

* Refurbishment  performed  at  I-yr.  cycle  intervals 
Refurbishment  performed  at  2-yr.  cycle  intervals 


Fig.  2-43  Savings  with  Payload  Refurbishment 
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2.7.1  Feasibility  of  a Standard  Spacecraft 

Early  study  of  the  basic  concept  of  a standard  spacecraft  indicated  that  it 
was  technically  feasible.  In  analysis  of  the  NASA  Mission  Model,  a large  per- 
centage (86  percent)  of  payload  programs  were  potentially  suitable  for  some 
combination  of  experiments  onto  one  or  more  spacecraft  (see  Fig.  2-44  ).  Fur- 
ther analysis  revealed  that  unmanned  missions  also  could  be  grouped  by  orbit 
and  general  scienuific  objective.  Two  examples  of  this  are  shown  in  Fig.  2-4-5 
for  low-altitude/28. 5°  orbits  and  for  polar/sun-synchronous  orbits.  Finally 
a preliminary  analysis  of  the  spacecraft  support  for  the  various  candidate  mis 
sions  revealed  that  a single  spacecraft  with  quite  broad  subsystem  capability 
could  accommodate  the  majority  of  all  missions.  The  characteristics  of  this 
hypothetical  standard  spacecraft  are  listed  in  Fig.  2-46.  Combining  these  pre 
liminary  conclusions  with  data  from  previous  LMSC  effort  on  design  and  manu- 
facture of  standard  spacecraft  elements,  it  was  determined  that  the  standard 
spacecraft  was  Indeed  technically  feasible - 

2.7.2  Basic  Approach  to  Design  of  Standard  Spacecraft  Hardware 

Basic  conclusions,  involving  preliminary  economic  considerations,  and  relevant 
to  the  approach  to  standard  spacecraft  were  developed  early. 

• Rather  than  a single  all-coverage  spacecraft  to  accommodate  all 
missions,  there  may  be  a small  group  of  standard  spacecraft 

• Even  though  a standard  spacecraft  were  developed,  there  may  be 
certain  space  missions  which  can  be  more  economically  supported 
by  specialized  designs 

• The  real  foundation  for  a standard  spacecraft  appears  to  he  the 
development  of  standard  subsystems  and/or  modules  thereof 
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A HIGH  PROPORTION  OF  FUTURE  UNMANNED  PAYLOAD  PROGRAMS  ARE 
SUITABLE  FOR  SPACECRAFT  SHARING: 

Qty.  of 
S/C 

PROGRAMS  DEFINITELY  UNSUITABLE  FOR  COMRIMATIOM  M 

POTEI^fTIALLY 

% of  T raffle 
Model 

14% 

PROGRAMS  POTENTIALLY  SUITABLE  FOR  COMBINATION 

- Low  Altitude,  East  Launch  ETR 

59 

12 

- Polar  - Sun  Synchronous 

ERTS 

72 

14 

METSAT  - 

16 

3 

- Synchronous  Equatorial 

ERTS 

57 

II 

Comm/Nav 

148 

30 

Highly  Eccentric 

80 

16 

432 

86% 

Fig.  2-44  Feasibility  of  Standard  Spacecraft  - Multiple  Experiments 
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LOW  ALTITUDE  - 

■28.5° 

Mission 

Alt. 

Qty. 

Exper. 

Point. 

Start 

Program 

<N.M.) 

s/c 

Power 

Accur. 

Year 

Duration 

Large  Stellar  Telescope 

350 

8270 

1 

1.5  KW 

10  sec 

1980 

11  yr. 

Large  Stellar  Observatory 

350 

7520 

1 

Ideg 

1982 

9yr. 

HEAD 

230 

12500 

2 

265  W 

5 sec 

1979 

12  yr. 

Large  Radio  Observatory 

350 

10000 

1 

2.0  KW 

10  sec 

1984 

7 yr. 

Astronomy  Explorers 

270 

250 

15 

50  W 

3 deg 

1978 

13  yr. 

POLAR 

- SUN  SYNCHRONOUS 

Mission 

Alt. 

Exper. 

Qty. 

Exper. 

Point. 

Start 

Program 

(N.M.) 

Weight(lb) 

S/C 

Power 

Accur. 

Year 

Duration 

Polar  EOS 

500 

870 

12 

400  W 

4 min 

1980 

13  yr. 

Earth  Physics 

400 

150 

7 

150  W 

10  sec 

1980 

13  yr. 

Polar  ERS 

500 

850 

28 

400  W 

4 min 

1978 

13  yr. 

TIROS 

700 

245 

14 

100  W 

3 deg 

1978 

13  yr. 

Fig.  2-45  Common  Low-Earth  Orbits  and  Spacecraft  Requirements 
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STANDARD  SPACECRAFT  WITH  SUBSYSTEM  CAPABILITY  TO  MEET  FOLLOWING 
REQU I REMENTS  W I LL  ACCOMMODATE  THE  MAJOR  I TY  OF  ALL  M I S S IONS: 

E 

6NC  Earth  or  inertial  orientation 

1/4°  attitude  reference  with  option  for  10  arc  sec 
Stabilization  by  reaction  wheels  and/or  mass  expulsion 

TT&C  Wide -band  data  link  with  up  to  I megabit  capability 

Choice  of  transmission  powers  up  to  50  watts 
Data  recording  capability  up  to  I MHz 

Electrical  Modular  capability  from  350  to  1050  watts  average  power, 

"*^28  VDC  regulated  or  unregulated,  115  VAC, 

1,  2 or  3-Phase 

Environmental  Provided  for  standard  spacecraft  exclusive  of  experiment 

Control  subsystem,  for  earth  orbit  or  equivalent 


Fig,  2-46  Standard  Spacecraft  for  Unmanned  Payloads 
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2.7*3  Standard  Subsystems 

The  basic  concept  of  standard  subsystems  was  developed  by  listing  separately 
all  of  the  mission  requirements  by  spacecraft  subsystem  and  then  consolidating 
these  requirements  into  a minimum  qxiantity  of  variants.  The  subsystem  charac- 
teristics for  these  variants,  some  of  which  can  be  built  up  by  using  multiples 
of  a single  module  (such  as  for  the  electrical  subsystem),  are  shown  on  Fig- 
2-47*  These  variants  were  applied  to  the  MSA  Mission  Model  and  the  total  num- 
ber of  applications  determined  by  quantity  of  missions  and  quantity  of  space- 
craft required  per  mission.  A sample  sheet  of  this  application  analysis  is 
shown  as  Fig.  2-48.  These  data  were  transferred  to  the  economic  analysis  to- 
tals for  standard  subsystems . 

2.7.4  Standard  Spacecraft 

A typical  set  of  subsystem  variants  were  selected  which  could  accommodate  a 
reasonably  large  quantity  of  missions . Subsystem  modules  were  concepted  and 
.developed  into  a set  of  "standard"  modules;  one  of  these  is  shown  in  Fig.  2-49. 
These  modules  were  then  arranged  into  an  overall  spacecraft  configuration  which 
is  illustrated  on  Fig.  2-50.  Each  module,  as  with  the  previously-described 
lOTr-cost  payloads,  is  readily  replaceable  in  orbit  by  a Shuttle  crew  member 
or  by  automated  module  handling  devices.  The  standard  spacecraft  design  ef- 
•fort  was  accomplished  to  the  depth  required  to  verify  that  the  concepts  were 
feasible  and  could  be  implemented  in  an  actual  hardware  program.  The  eventual 
standard  spacecraft  may  be  different  in  actual  configuration  from  the  typical 
one  developed;  however,  the  basic  characteristics  to  provide  compatibility  with 
the  Shuttle  System  and  to  allow  on-orbit  checkout,  repair,  refvurbishment , and 
equipment  and  experiment  update  must,  be  maintained. 

2.7.5  Potential  Savings  with  Standard  Spacecraft  Hardware 

Two  economic  analyses  were  performed:  (l)  determination  of  the  savings  ac- 

cruing from  the  use  of  standard  subsystems  applied  throughout  the  MSA  Mission 
Model,  and  (2)  determination  of  overall  savings  resulting  from  the  use  of  a 
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SUB- 

SYSTEM 

TYPE 

ELECTRICAL 
(BATTERY  & 
SOLAR  ARRAY) 

GUIDANCE,  NAVIG., 
STABILIZATION, 
CONTROL 

TELEMETRY 
(S/C  DATA  & 
COMMAND) 

COMMUNICATION- 
(EXPERIMENT  DATA) 
S-BAND* 

A 

350  W 

i Sun-Orient. 
Solar  Array 

® Stellar/Solar  Ref. 
® 10  arc  sec 
@ Inertial  Platform 

® 8 -33  BPS 
© 50WXMTR 
(IP) 

© Omni, Ant. 

® lO^-lo'^BPS 
© 50WXMTR(IP) 
10-30  Hi -Gain 
Tracking  Antenna 

B 

© 700  W 
» Sun.  Or.  S/A 

® Stellar/Solar  Ref. 
© 15  arc  min. 

@ Inertial  Platform 

9 10^  BPS 
® 2WXMTR(SEO) 
® Omni  Antenna 

9 2x10®  BPS 
9 2WXMTR(SEO) 

® 3 Ft.  Fixed  Hi-Gain 
Antenna 

C 

@ 1050  W 
@ Sun.  Or.  S/A 

© Earth  Reference 
0 15  arc  min 
$ Inertial  Platform 

® l()5  BPS 
9 2W  XMTR  (LEO) 
® Omni  Antenna 

9 I07  BPS 
® 2WXMTR(SEO) 

© 6 ft.  Hi-Gain 
Tracking  Antenna 

D 

© lOOW 

® Body -Mounted 
Spinning  Array 

$ Spin  Stabilized 
@ Axis  Orientation 
Control 

@ 2x  I07  BPS  (LEO) 
© 2W  XMTR  (Spin) 

@ Toroidal  Antenna 

E 

§ Earth  Ref.  & Star 
Tracker 
® 4arc  min 
® Inertial  Platform 

9 10®  BPS 

8 2WXMTR(I£0)  1 

© Omni  Antenna 

* 30  ft.  dia.  ground  receiver  antenna,  except  for 
interplanetary  which  uses  210  ft  antenna. 


Fig.  2-47  Standard  Subsystem  Types  & Characteristics 
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MISSION 

, ORBIT 

NO.  OF 

STANDARD  SUBSYSTEM  TYPE/QTY 

NAME 

NO. 

ALTITUDE 

IWCL.  1 

SPACE- 
-GBAFT 

GNSC 

COMM 

t/m 

E24ECT 

REMARKS 

1 

i 

NASA  EARTH  OBSERVATION 

i 

j 

Polar  K3S 

21 

500/500 

SS 

12 

B 12 

E 12 

G 12 

B 12 

Sync  BOS 

22 

Sync 

0° 

6 

E 6 

G 6 

B 6 

B 6 

BWrth  Hiysics 

23 

4oo/4oo 

90° 

7 

E 7 

C 7 

G 7 

A 7 

Sync  Met 

24- 

Sync 

0° 

2 

C 2 

C 2 

B 2 

A 2 

Tiros 

25 

700/700 

SS 

3 

C 3 

B 3 

C 3 

A 3 

Polar  ERS 

26 

500/500 

SS 

6 

E 6 

E 6 

C 6 

B 6 

Sync  ERS 

27 

Sync 

0° 

7 

E 7 

c 7 

B 7 

B 7 

NASA  COMMUNIGATION/HAVIGATION 

ATS 

28 

Sync 

0° 

7 

E 7 

c 7 

B 7 

— 

8 kw 

Sbiall  ATS  Sync 

29 

Sync 

0° 

12 

C 12 

C 12 

B 12 

B 12 

Low 

30 

3000/300 

90° 

12 

C 12 

E 12 

C 12 

B 12 

Cto-Op  ATS  Sync 

31 

Sync 

0° 

2 

G 2 

C 2 

B 2 

B 2 

Low 

32 

3000/300 

90° 

2 

C 2 

E 2 

C 2 

B 2 

Medical  Net 
Bduc.  Broadcast 

33 

34- 

Sync 

Sync 

0 0 
0 0 

2 

2 

C 2 
C 2 

■p 

h 

• Ph 

i 

B 2 
B 2 

1 

0 

1 

s 

ro 

2 kw 

FoUow-oa  Sys.Demo. 

35 

^ync 

0° 

20 

C 20 

0 ^ 

B 20 

c 20 

Tracking/Data  Re3aj^ 

36 

Sync 

0° 

10 

C 10 

C 10 

B 10 

B 10 

Hanetary  Relay 

37 

Sync 

0° 

9 

c 9 

c 9 

B 9 

A 9 

i 

Fig.  2-4-8  Applicability  of  Subsystem  Options  to  Missions 
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Fig.  2-1+9  Typical  Standard  Spacecraft  Module 
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typical  standard  spacecraft  (itself  comprising  standard  subsystem  elements) 
for  a majority  of  the  missions  in  the  Mission  Model.  The  primary  cost  saving 
of  course  is  in  the  sharing  of  hardware  development  costs  by  a number  of  pay- 
load  programs  rather  than  having  a separate  project -peculiar  development  for 
each  program. 

The  results  of  a typical  sub-analysis  on  a standard  electrical  power  subsystem 
applied  to  varying  quantities  of  programs  and  spacecraft  are  tabulated  on  Fig. 
2-51.  Modular -design  subsystems  were  used  as  the  cost  base.  A 300-watt  capa- 
city subsystem  could  be  applied  to  17  payload  programs  canprising  52  spacecraft 
and  result  in  a saving  of  $60.2  million.  Increasing  the  subsystem  capacity  to 
600  watts  would  "capture"  30  missions  and  165  spacecraft  and  provide  savings  of 
$133  million.  Using  an  approach  where  a modular  subsystem  could  provide  300, 
600,  or  1200  watt  capacity  (modules  selected  as  needed  to  fit  the  particular 
program  requirement);  the  savings  could  be  further  increased  to  $231  million, 
covering  45  programs  and  264  spacecraft. 

The  economic  impact  in  RDT&E  of  applying  standard  subsystems  to  53  missions  of 
the  Mission  Model  is  shown  in  Fig.  2-52.  Additional  savings  of  $2262  million 
are  indicated,  as  compared  to  the  development  of  low-cost  subsystems  specially 
desigied  and  developed  for  each  of  the  53  missions . This  saving  could  be  re- 
duced somewhat  by  the  higher  average  unit  cost  of  the  standard  subsystems  (be- 
cause of  capability  "overkill"  when  compared  to  the  project-peculiar  subsystem. 

In  Fig.  2-53,  there  is  shown  the  economic  results  of  applying  a single  stan- 
dard spacecraft  to  selected  missions  of  the  Mission  Model.  The  cost  savings 
accrue  because  a single-spacecraft  development  is  substituted  for  the  devel- 
opment of  a large  quantity  of  special  spacecraft. 

2.8  DESIGN  GUIDELINES  FOR  FUTUBE  PATLOAD  DESICT 

Task  4 of  the  study  was  devoted  to  preparation  of  a Design  Handbook  for  pay- 
load  designers.  The  data  developed  will  be  issued  as  a separate  contract  end- 
item  document  and  will  not  be  discussed  in  detail  in  this  final  report. 
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SUBSYSTEM 

TYPE 

MODULE 

CAPACITY 

(WAHS) 

TRAFFIC  CAPTURED 

, POTENTIAL 
SAVINGS 
($M) 

NO.  OF 
PROGRA/WS 

NO.  OF 
SPACECRAFT 

SINGLE 

300 

17 

52 

60.6 

MODULE 

600 

30 

165 

133.0 

MULTI- 

600/1200 

40 

218 

210.4 

MODULE 

300/600/1200 

45 

264 

231.4 

Fig.  2-51  Savings  Potential  - Standard  Electrical  Power  Subsystem 
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Sxib  system 


CDPI 

GNSC 

EPS 

ACS 

Struct . 
ECS 


Totals 


CDPI 

GNSC 

EPS 

ACS 

Struct . 
ECS 


Totals 


Sut- 

System 

Option 


RDT&E  ($  Million) 


Unit  ($  Million) 


Program- 

standard 

Program- 

standard 

Peculiar 

Spacecraft 

Peculiar 

Spacecraft 

211.5 

18.0 

307.4 

422.8 

76 

9.5 

280.9 

280,8 

212.8 

, 17.4 

282.7 

350.3 

29 

2 

39.1 

39.3 

61 

5.3 

65.1 

90.6 

22.0 

1.8 

25.1 

30.2 

612.3 

54.0 

1000.3 

1214.0 

327.50 

18.0 

479.0 

613,2 

157 

27 

598.5 

1022.7 

309.8 

17.4 

4l6.l 

508.1 

39 

2 

56.4 

56.9 

102.4 

7.3 

113.1 

175.2 

35.8 

3.0 

43.0 

65.7 

971.5 

74.7 

1706.1 

2441.9 


161,0 


Fig.  2-53  Economic  Impact  of  Application  of  Typical  Standard  Spacecraft 
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2.8.1  System  Engineering  Approaches 

Figure  2-^h  lists  a few  of  the  low-cost  principles  which  the  system  engineer 
might  employ. 

2.8.2  General  Payload  Design  Guidelines 

Figure  2-55  is  a listing  of  the  general  design  guidelines  recommended  for  ap- 
plication to  future  low-cost  payloads . 

2.8.3  Low-Cost  Subsystem  Design 

A large  percentage  of  the  handbook  will  be  devoted  to  examples  of  subsystem 
design  which  illustrate  the  cost-effective  design  approach.  Many  of  these  de- 
sign examples  are  listed  in  Section  5 of  this  report. 

2.9  ^JMMARY  CONCLUSIONS  A3TO  BECOMMEaTOATIOMS 

Section  10  of  the  report  provides  the  conclusions  derived  from  the  study  and 
rec cxnmendations . A resume  is  provided  following. 

2.9.1  Payload  Effects  in  Terms  of  Cost  Reduction 

It  has  been  determined  by  actual  preliminary  design,  preparation  of  program 
plans,  and  costing  that  payload  program  savings  in  the  vicinity  of  25  percent 
to  30  percent  of  the  baseline  can  be  obtained  by  implementation  of  low-cost 
techniques , Figure  2-56  shows  the  unit  percentage  savings  with  the  low-cost 
OAO  and  SEO,  With  the  use  of  the  general-purpose  computer  (described  previous- 
ly) the  OAO  savings  are  increased  to  about  50  percent.  These  figures  can  be 
extended  to  combine  the  costing  of  payload  and  launch  vehicle  and  extended 
over  a mission  time  as  shown  on  Fig.  2-57  for  the  OAO  and  Fig.  2-58  for  the 
SEO.  The  OAO  6-year  program,  utilizing  the  Shuttle  launch  and  refurbishment/ 
reuse,  indicates  a saving  of  50  percent  of  the  equivalent  costs  of  a low-cost 
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« MINIMUM-MANDATORY  DESIGN  AND  PERFORMANCE  SPECIFICATION 

e SPECIFY  ONLY  MANDATORY  MINIMUM  REQUIREMENTS  FOR  PURCHASED 
EQUIPMENT 

« SPECIFIC  MINIMUM  DEVELOPMENT  AND  QUALIFICATION  TESTING  CON- 
SISTENTWITH  HARDWARE  RELIABILITY  REQUIREMENTS 

9 TRADEOFF  PAYLOAD  RELIABILITY  VS  ON-ORBIT  REPAIR/REFURBISHMENT 
CYCLES  TO  OBTAIN  COST-OPTIMIZED  HARDWARE  REQUIREMENTS 

9 TRADEOFF  EXPERIMENT  VS  SPACECRAFT  REQUIREMENTS  AND  ESTABLISH 
INTERFACE  WHICH  WILL  ALLOW  PAYLOAD  COST  OPTIMIZATION 

e TRADEOFF  PAYLOAD  VS  GROUND  SUPPORT  EQUIPMENT  AND  SPACEOPERA- 
TIONS  TO  ESTABLISH  PROGRAM  COST-OPTIMIZED  REQUIREMENTS 


Fig.  2-54  Low-Cost  Payload  System  Design  Approaches 
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6 Design  to  satisfy  mission  life  and  functional  requirements  - do  not  overdesign 
unless  there  is  a cost  benefit 

$ Use  qualified  off-shelf  components  where  possible 

« Apply  parts/components  for  low-stress  level  operation  to  obtain  added  assurance 
and  reduce  wearout 

® Provide  minimum-density  installation  of  equipment  to  allow  easy  assembly /removal 

9 Modularize  equipment  to  allow  bench  assembly  and  testing,  minimum  installation 
and  spacecraft  testing,  and  module  replacement 

e Provide  minimum -density  packaging  of  parts  within  components  and  extra  volume 
for  growth  or  modification 

• Design  for  minimum  functional  complexity 

9 Design  to  obtain  maximum  cost  benefit  from  use  of  on-orbit  checkout  and  repair/ 
refurbishment 


Fig.  2-55  General  Low-Cost  Payload  Design  Guidelines 
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Fig.  2-56  Comparison  of  OAO  with  SEO  Savings 
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Fig.  2-58  SEO  TotaLProgram  Cost  Comparison 
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payload  laimclied  on  a low-cost  expendable . Similarly,  on  a 10-year  SEO  program, 
a 50  percent  saving  is  possible  using  a Shuttle -laTinched  low-cost  payload  in  li« 
of  a low-cost  expendable -launched. 

2.9.2  Effect  of  NASA  Policy  on  Cost -Reduction 

At  the  request  of  NASA/HQ,  a brief  survey  was  made  of  MSA  operational  policies 
as  they  might  affect  implementation  of  low-cost  payloads . The  items  listed  on 
Fig.  2-59  were  provided.  The  cost  of  these  policy  changes  has  not  been  quan- 
tified; rather,  they  were  intended  only  as  a broad-spectrum  "beginning"  list. 

It  is  assumed  that  MSA  will  implement  whatever  follow-on  analysis  they  deter- 
mine to  be  appropriate. 

2.9.3  Basic  Conclusions  from  the  Study 

The  principal  conclusions  derived  from  the  Payload  Effects  Study  are  listed 
on  Fig.  2-60. 

2.9.U  Additional  Cost  Reduction  Areas 

Figures  2-6la  and  2-6lb  provide  a list  of  recommendations  relevant  to  extending 
the  payload  cost-reduction  concepts  to  obtain  even  further  program  savings. 


2-83 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LOCKHEED  MISSILES  & SPACE  COMPANY 


POLICY  CHANGE 


REASON  AND/OR  EFFECT 


ro 

I 

CO 

-F' 


0 Reduce  degree  of  configuration  management 
(hardware  traceability) 

9 Failures  can  be  determined  by  actual  inspec- 
tion of  retrieved  hardware 

9 Utilize  standard  subsystems  and  checkout 
'Jeqjjipcrf&nt  (in  lieu  of  project  peculiar) 

9 Large  savings  in  RDT&E  costs.  Allows  reduc- 
tion also  in  training  and  operations  costs. 

9 Reduce  amount  of  contract  documentation 

1, 

9 Changes  possible  in  NASA  procurement 
documents. 

9 Reduce  reliability  ^Ijfd  QA  requirements  and 
reduce  acceptance  tests 

9 Use  lower-^rade  (perhaps  aircraft  quality) 
hardware 

§ Ability  for  in-orbit  checkout  and  repair  allows 
higher  risk  on  payload  hardware 

• Shorten  program  time  (spacecraft  and  experi- 
ments) 

9 Flight -testing  hardware  on  Shuttle  sortie 
missions  (flying  lab)  allows  shortening  of 
devel/qual.  test. 

9 1 ncreased  autonomy  of  payload/Shuttle 
flight  operations 

9 Allows  reduction  of  ground  support  facilities 
and  personnel. 

9 Standardize  missions  and  consolidate  experi- 
ment objectives  (orbit  inclination, altitudes, 
etc.) 

9 Allows  reduction  in  variety  of  spacecraft  and 
multi-payload  launch  and  revisit  for  Shuttle. 

Fig.  2-59  NASA  Policy  Issues  Affect!  nqAoq  ram  Costs  (for  Shuttle -Launched  Payloads) 
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® The  Payload  Effects  Study  has  confirmed  that  significant  cost  benefits  accrue  from 
new  payloads  designed  to  low-cost  criteria: 

® Reduced  weight/volume  constraints 

© Modularization  and  repair/refurbishment/reuse 

® Relaxed  reliability  requirements  with  higher  risk  (Shuttle  only) 

® Additional  significant  savings,  primarily  in  RDT&E,  are  possible  with  standardIMion 
of  payload  subsystems  and/or  with  use  of  standard  spacecraft 

© The  savings  developed  In  this  study  for  low-cost  payloads  are  conservative;  as  Shuttle 
flight  experience  is  gained,  additional  cost  savings  are  forecast, 

8 Some  of  the  payload  savings  can  be  implemented  prior  to  the  Shuttle  era  on  current 
expendables 

® With  planned  NASA  budget  limits,  it  is  important  to  continue  vigorous  pursuit  of  pay- 
load  cost  reduction  in  order  to  provide  the  $ savings  which  will  make  the  Shuttle  it- 
self a reality. 


Fig. 2-60  Conclusions  of  Payload  Effects  Study 
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RECOMMENDED  APPROACH 


COST  REDUCTION  EFFECTS 


© Standardize  unmanned  payload  subsystems 

@ Standardize  experiment  interfaces 

@ Utilize  minimum  quantity  of  multi-mission 
standard  spacecraft 

© Standardize  unmanned  payload  checkout 
equipment  - for  ground  and  in-orbit  usage 

ro 

1 r 

CO  \ 

ON 


® Large  savings  in  RDT&E 

© Allows  standard  refurbishment  depots  and 
lower  refurbishment  costs 

@ Allows  reduced-cost  training  of  field  crews 
in  standard  approaches  to  payload  hardware 
repair,  refurbishment,  checkout 

@ Allows  simplification  of  Shuttle  interfaces 
with  payloads  and  standardization  of  cargo 
crew  operations  procedures 

© Allows  simplification  of  ground  support 
facilities  and  uniformity  of  support  per- 
sonnel across  many  projects 


© Apply  low-cost  design  approaches  to  other 
payloads:  Shuttle,  Space  Tug,  manned  pay- 
loads,  lunar  mission  hardware,  etc. 


© Dollars  saved  on  unmanned  payloads  can 
be  applied  to  enlarging  the  total  space  ex- 
ploration capability  (e.g.,  inclusion  of 
lunar  programs).  Further  similar  savings 
can  be  obtained  from  other  space  payloads. 


Fig.2-61a  Additional  Technical  Considerations  for  Cost  Reduction  (Sheet  1 of  2) 


LMSC-A990556 


LOCKHEED  MISSILES  6e  SPACE  COMPANY 


RECOMMENDED  APPROACH 


COST  REDUCTION  EFFECTS 
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® Apply  new  technology  only  after  thorough 
cost-effectiveness  tradeoff  assumes  lower 
program  costs 


.©  Implement  analyses  to  cost -optimize  the  com- 
bined effects  of  payload  subsystem  reliability 
and  operating  life  vs  launch  ascent  effects  vs 
orbit  repair  and  refurbishment 


® Reduced  risk  (and  cost)  in  new  programs 
schedules  and  assurance  that  cost- 
optimized  hardware  is  adopted 


® Provides  minimum -cost  payload 

® Provides  guide  for  detail  provisioning  of 
spare  modules,  comfionents,  and  parts  for 
each  payload  (procured  with  payload) 

® Establishes  base  for  payload  field  repair/ 
refurbishment  depot  implementation 


® Conduct  more  detailed  analyses  of  repair  and 
refurbishment  of  typical  unmanned  payloads 
and  extend  to  other  types  of  payloads 


& Refurbishment  of  payloads  is  the  single 
largest  cost -driver  and  any  further  re- 
duction in  refurb-to-new  cost  ratio  can 
be  multiplied  by  large  quantities  of  pay- 
loads  in  the  overall  Mission  Model. 


Fig.  2-6tb  Additional  Technical  Considerations  for  Cost  Reduction 

(Sheet  2 of  2) 
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Section  3 

BASELIKE  PAILOAD  SELECTION  AND  DESCEIFTIOK 


The  selection  of  baseline  payloads  that  are  representative  of  typical  existing 
MSA  unmanned  satellites  represents  the  essential  first  step  of  the  Payload 
Effects  Analysis  Study  logic.  To  provide  credibility  to  the  study  results,  it 
was  mandatory  that  detailed  design  and  cost  data  were  available  for  the  chosen 
payloads.  This  section  presents  the  rationale  for  selection,  a historical  sur- 
vey of  events  leading  to  the  eventual  selection  of  the  baseline  payloads,  and 
summary  descriptions  of  each  including  cost,  wei^t  and  reliability  data  which 
was  used  in  the  parametric  analyses . 

3.1  PAILOAD  SELECTION 

3. 1.1  Rationale 

The  NASA  guidelines  for  selection  of  the  baseline  payloads  were  as  follows: 

« Reliable  requirement  and  cost  data  shall  be  available  for  current 
examples  of  similar  satellites  to  provide  the  basis  for  cost  compar- 
ison. 

* The  satellites  selected  shall  cover  the  range  of  costs,  based  on 
current  experiences;  e.g.,  sophisticated  satellites,  made  necessary 
by  demanding  mission  requirements,  resulting  in  hi^  cost  per  pound 
at  one  end  of  the  range,  and  unsophisticated  low  cost  satellites  at 
the  other.  Specifically,  the  following  requirements  should  he  sat- 
isfied in  the  selection: 

(1)  Sophisticated  satellites  generally  associated  with  high  program 
dollar  value  per  pound  in  orbit  (i.e.,  pbysics/astronomy) . 
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(2)  Meditun  cost  satellites  generally  associated  with  first  generation 
or  development  satellites  for  potential  space  applications. 

(3)  Operational  satellites  such  as  weather  and  communications  con- 
sidered low  cost  program  devices. 

e The  selected  payloads  shall  have  actually  flown  or  shall  he  similar 
to  ones  that  have  flown." 

3.1.2  Selection  Process 

As  a result  of  a comprehensive  review  of  past  and  future  scientific  space  pro- 
grams, LMSC  in  its  Technical  Proposal  for  the  Payload  Effects  Analysis  Study, 
suggested  the  Lunar  Orbit er,  the  Gemini/Agena  Target  Vehicle  (GATV),  and  the 
Small  Research  Satellite  (SRS,  the  LMSC  P-11  Suhsatellite)  as  baselines.  In 
coordination  with  HASA  the  Orbiting  Solar  Observatory  (OSO)  was  substituted 
for  GATV  as  being  more!  representative  of  current  and  future  satellite  payloads. 
However,  after  initiation  of  the  study  it  was  found  that  historical  data  on 
OSO  were  not  readily  available.  Thus,  following  agreement  with  Goddard  Space 
Flight  Center,  the  Orbiting  Astronomical  Observatory  (OAO-B)  was  substituted 
for  OSO.  As  a result  of  this  change,  the  Lunar  Orbit er  became  the  intermediate 
class  spacecraft,  and  the  OAO  became  the  representative  of  the  more  expensive/ 
complex  type . 

Inspection  of  the  missaon  model,  provided  by  MSA  and  Aerospace,  showed  no  Itinar 
orbit  unmanned  payload  missions  projected  for  the  period  of  application  of  the 
combined  study  results;  (1978-I990),  and  a question  arose  as  to  the  direct  suit- 
ability of  extending  Lunar  Orbiter  to  future  low-cost  programs.  However,  com- 
prehensive cost  and  design  data  on  the  Lunar  Orbiter  were  available  and  there 
were  no  alternatives  that  fulfilled  the  requirements  of  data  availability  and 
security  classification.  It  waS’,  therefore,  agreed  that  LMSC  examine  the  use 
of  Lunar  Orbiter  derivatives  for  the  performance  of  more  representative  mis- 
sions. It  was  readily  apparent  that  unmanned  synchronous  equatorial  and  plan- 
etary missions,  which  represent  a significant  portion  of  the  MSA  mission  model. 
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should  he  reflected  in  the  baseline  payloads.  Furthermore,  the  Lunar  Orbiter 
and  its  experiment  payload  can  be  viewed  as  being  representative  in  cost  and 
degree  of  complexity  to  spacecraft  specifically  developed  for  these  missions. 

Hence  it  was  decided  that  the  Lunar  Orbiter  design  be  extrapolated  for  appli- 
cation as  a 1-year  Synchronous  Equatorial  Earth  Resources  Observation  Satellite 
(SEO)  and  a Mars  Orbiter  (MO)  retaining  as  many  as  possible  of  the  original 
Lunar  Orbiter  elements . Primary  emphasis  was  directed  towards  the  SEO  config- 
uration with  backup  data  to  be  provided  at  a secondary  level  of  emphasis  on 
the  MO.  During  subsequent  studies,  MSA  requested  that  the  SEOs  life  be  expen- 
ded to  2 years  for  betuer  correlation  with  the  MSA  Mission  Model. 

Selection  of  the  SRS  was  approved  as  being  representative  of  the  family  of 
small  space  plysics  satellites  such  as  Explorer  and  Pioneer.  Thus,  the  selec- 
tion process  was  completed  and  approved  by  MSA  Headquarters  as  followsr 


Payload  Class 
Low  Cost/Complexity 

Medium  Cost/Complexity 

- Primary  - 

Medium  Cost/Complexity 

- Secondary  - 

High  Cost/Complexity 


Payload  Selection 

Small  Research  Satellite  (SRS) 

Synchronous  Equatorial  Earth  Resoxirces 
Observatory  (SEO) 

(1  and  2 year  lifetimes) 

Lunar  Orbiter  Derivative 

Mars  Orbiter  (MO)  - 
Lunar  Orbiter  Derivative 

Orbiting  Astronomical  Observatory 
(oao-b) 


Selection  of  these  payloads  assured  MSA  of  specific  low-cost  data  on  a rep- 
resentative portion  of  the  future  mission  model.  OAO  furnishes  the  opportxm- 
ity  to  evaluate  the  payload  effects  of  revisit,  maintenance,  and  refiirbishment 
of  hi ghi y complex  systems;  SEO  permits  examination  of  the  use  of  the  Shuttle/ 
Tug  combinations  during  earth  synchronous  orbit  missions;^  MO  permits  study  of 
the  effects  of  new  transportation  systems  on  complex  one-way  earth  escape  pay- 
loads;  and  SRS  represents  low-cost  expendable  payloads. 
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3-1,3  Payload  Subsystem  Definition  and  Hardware  Breakdown 

The  nomenclatirre  applied  to  hardware  elements  of  various  payloads  is  similar, 
yet  sufficiently  different  to  cause  misinterpretations  in  detail  comparisons. 
Also,  the  specific  tjrpes  of  components  included  in  a particular  subsystem  were 
noted  to  vary  from  payload  to  payload.  A standard  system  of  reference  was, 
therefore,  developed  so  that  costs  could  he  collected  and  analyzed  on  a con- 
sistent basis  relevant  to  the  hardware. 

Subsystem  categories  were  established  as  follows  to  subdivide  the  payload  into 
ei^t  elements: 

• Experiments 

• Structures  and  Mechanisms 
® Environmental  Control 

« Electrical  and  I^otechnics 

• Guidance  and  Navigation  (Stabilization  and  Control) 

• Propulsion  and  Attitude  Control 

• Telemetry,  Tracking  and  Command  (Communications,  Data  Processing 
and  Instrumentation) 

• Adapter 

Figure  3-1  provides  a description  of  each  subsystem  and  lists  the  typical  hard 
ware  included  in  each.  This  "standard"  bre^down,  approved  by  NASA  for  this 
study  will  be  utilized  to  identify  all  elements  of  both  the  baseline  and  the 
low-cost  payload  subsystems.  All  costs  and  design  characteristics  will  he 
correlated  with  these  subsystems. 

Summaries  of  the  baseline  payload  subsystem  characteristics  are  provided  in 
Figs.  3-2  and  3-3- 
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SUBSYSTEM  ELEMENT 

TYPICAL  HARDWAEE 

SUBSYSTEM  ELEMENT 

1 TYPICAL  HARDWARE 

PAYLOAD  ASSEMBLY  & 
INTEGRATION 

(All  elements  which  are 
part  of  the  payload  sys- 
tem hut  external  to  pay- 
load  assembly) 

e SEPARATION  DEVICES 

® PAYLOAD  ADAHTERS  & 
INTERSTAGES 

» FAIRINGS  (NOT  STD  .EXIT) 
• UMBILICAL S 
® SAFETY  DEVICES 

ELECTRICAL  AND 
PYROTECHNICS 

(All  elements  of  electri- 
cal power  generation, 
control,  distribution. 
Also  p3rrotechnic  hard- 
ware . 

j e BATTERIES 

i®  SOLAR  ARRAYS  (INCL  STRUG - 
' TUEAL  PANELS,  SOLAR  CELLS, 
‘ DIODES,  INTERCONNECTS, 

; ORIENTATION  ASSY . 

* VOLTAGE  REG.,  INVERTERS, 

® DISTRIB.,  PRIMARY  & 

INST.  CABLING 
'®  PYROTECHNIC  DEVICES 
(SQUIBS,  EIC.) 

EXPERIMENTS 

(All  elements  which  are 
mission-peculiar  and  not 
part  of  the  supporting 
spacecraft.  Includes  any 
data  processing  equipment 
which  is  integral  with 
experiments.) 

® TELESCOPES 

® CAMERAS 

® TV  CAMERAS 

ffl  PHYSICS  EXPERIMENTS 

0 RADIOMETERS 
. SPECTROMETERS,  etc. 

GUIDANCE,  NAVIGATION,  \ t>  POSITION  SENSORS  f SOLAR. 

STABILIZATION,  CONTROL  EARTH.  STAR) 

(All  elements  which  pro-  ;»  MOMEIOTUM  WHEELS 

St"posml?Sf  Si  at!  ooimaL  EtECTBOHics 

titude  hold,  but  excluding  ® GYROS 
thruster  system.) 

'0  INERTIAL  REP.  UNITS 

STRUCTURES,  MECHANISMS 
& VEHICLE  ASSEMBLY 
(All  structural  & mechani- 
cal elements  which  are  not 
part  of  the  other  6 func- 
j tional  subsystems . Also  in- 
j eludes  install,  of  subsys- 
1 terns  into  spacecraft  & at- 
1 tachment  of  experiment.) 

® SPACECRAFT  STRUCTURE 
0 EQUIPMENT  SUPPORTS 
0 SUN  BAFFLES 

e BALANCE  BOOMS  & EXTNS.MECH. 
9 ANTENNA  DEPLOY.  MECH. 

0 SOLAR  ARRAY  DEPLOY.  MECH. 

PROPULSION  ; e SOLID -PROPELLANT  MOTORS 

(All  elements  which  are  pro-i  COLD  GAS,  MONOEROPELLMT, 
vided  for  major  changes  in  ' OR  BI-PROP.  THRUSTERS 

velocity  vectors  ;»  TANKAGE  FOR  PROPELLANT. 

ATTZEUDE  CONTROL  : COLD  GAS.  PRESSURANTS 

Elements  for  control  and/or  .•  PLUMBING  AND  VALVES 
maintenance  of  attitude  • • PROPELLANT 

which  involve  mass  expul-  r 

sion. 

ENVIRONMENTAL  CONTROL 

9 THERMAL  LOUVERS 
0 INSULATION 

0 THERMAL  PAINTS  & COATINGS 
« THERMOSTATS 

1 

® HEATERS 

9 RADIATORS,  HEAT  PIPES 

TELEMETRY,  TRACKING,  j 

9 DATA  HDLG.,  PROCESSING, 

(All  elements  which  alter 
and/or  control  the  tempera- 
ture of  the  payload  and  com- 
ponents thereof.) 

& COMMAND  i 

(All  elements  of  Data  Pro-  1 
cessing,  Instrumentation, 
Telemetry.  Communications 
& Command) 

STORAGE  EQUIEMENI 
9 SIGNAL  CONDITIONERS 
9 TRANSDUCERS 

® XMITERS,  BEACONS,  XPONDERSi 
9 RCVRS/DECODERS 
9 MULTIPLEXERS/ENCODERS 
9 ANTENNAS  , 

® RF  POWER  AldPLIFIERS  ’ 

'o  CMP  .BAJA  STORAGE,  TIMING  j 


Fig.  3-1  PA"XLOAD  SYSTEM  HARDWAEE  EREAKDOWH 
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SUBSYSTEM 

ORBITING  ASTRONOMICAL  OBSERVATORY 

SMALL  RESEARCH  SATELLITE 

EXPERIMEETS  ATO 

MISSION-PECULIAR 

EQUIPMENT 

38  APERTURE  CASSEGRAIN  TELESCOPE  WITH 
ASSOCIATED  ELECTRONIC  PACKAGES  FOR 
STELLAR  UV  OBSERVATION  IN  1100  S TO 
4000  R REGIME. 

SPACE  PHYSICS  EXPERIMENT  PACKAGE 
FOR  IONOSPHERIC  MEASUREMENTS  OF 
PARTICLES  AND  ENERGIES. 

STRUCTURES  AND 
MECHANISMS  AND 
THERMAL  COHT. 

OCTOGONAL  BOX  STRUCTURE  WITH  CENTRAL 
TUBULAR  COMPARTMENT  TO  ACCEPT  EXPERIMENT. 
LARGE  FIXED  SUN  SHIELDS  ON  ONE  END  FOR 
TELESCOPE  AND  BORESIGHT  STAR  TRACKER 
LIGHT  SHIELDING  DEPLOYABLE  SOLAR  ARRAY 
PANELS.  DEPLOYABLE  BALANCE  BOOIVB. 

PASSIVE  T.C.  WITH  THERMOSTAT -CONTROLLED 
LOUVERS, 

3-BAY  SIMPLE  BOX  STRUCTURE. 

4 DEPLOYABLE  SOLAR  ARRAY  PANELS. 
PASSIVE  THERMAL  CONTROL. 

GUIDANCE  AND 
NAVIGATION 

COARSE  POINTING  WITH  COARSE  WHEELS  TO 
PLUS  OR  MINUS  30  ARC  SEC  WITH  DRIFT  RATE 
OF  LESS  THAN  I5  ARC  SEC  IN  50  MIN.  FINE 
POINTING  WITH  FINE  WHEELS  WITHIN  0 .1  ARC 
SEC  USING  EXPERIMENT  FINE  ERROR  SENSOR. 
MOMENTUM  DU14PING  WITH  ELECTRONIC  TOEQUERS 
OR  N^  G-AS  JETS. 

SENSORS:  STAR  TRACKERS  FOR  COARSE  POINT- 

ING, SUN  SENSORS  FOR  ACQUIS.  AND  SUN- 
BATHING MODES,  GYROS  FOR  RATE  SETTLING, 
ATTITUDE  HOLD,  SLEWING. 

WOBBLE  DAMPER.  FIXED-AXIS  OPER- 
ATION AFTER  INITIAL  SPIN-UP. 

ATTITUDE  CONTROL 

N COLD  GAS:  PRIMARY  AND  SECONDARY 
THRUSTER  SETS. 

60  TO  85  RPM  SPINUP  WITH  2 
SOLID  ROCKETS 

TT&C 

2 WIDEBAND  T/M  XMIES  @ 400  MHz;  2 NARROW 
BAND  XMTRS  @ 136  MHz.  2 TRACKING  BEACONS 
@ 136  MHz.  4 COMMAND  RCVRS  @ l48  MHz. 
CORE  MEMORY  WITH  TAPE  RECORDER  FOR  CONT . 
S/C  DATA.  COMPATIBLE  WITH  NASA  STADAN. 

VHF  FI4/FM  T/M.  TONE/DIGITAL 
COMMAND.  TAPE  RECORDING. 

PROPULSION 

NO  PRIMARY  PROPULSION. 

DUAL  SOLID  MOTORS  FOR  ORBIT  ATT, 

ELECTRICAL 

SOLAR  ARRAYS  AND  NiCd  BATTERIES-60  AH 
SUPPORTS  EXPEEIME2WS:  60W  PEAK,  3OW  AVG, 

20W  CONTINUOUS  FROM  SOLAR  ARRAYS 
AND  BATTERIES  AND  50W  AT 
DUTY  CYCLE. 

Fig.  3-2  SUMMARY  OF  BASKLIIE  PAYLOAD  SUBSYSTEM  CHARACTERISTICS  - OAO  AMD  SHS 
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SUBSYSTEM 


LUNAE  0EB33ER  (EEFERERCE) 


EXPERIMENTS 
& MISSION 
PECULIAR 
EQUIPMENT 


STRUCTURES 
& MECHANISMS 
& THERMAL 
CONTROL 


j GUIDANCE  & 
; NAVIGATION 

I 

j 

I 


i ATTITUDE 
1 CONTROL 


TT  & C 


PROPULSION 


ELECTRICAL 

POWER 


5 SUN  SENSORS  EOR  P/Y  REF.; 
CANOPUS  TRACKER  FOR  ROLL , 
INERTIAL  REP.  UNIT  USED  WHEN 
SUN/STAR  NOT  VISIBLE.  CAMERA 
POINT  WITHIN  PLUS  OR  MINUS 
0.2  DEG.  V/H  SENSOR. 

THREE -AXIS  ACTIVE.  8 GN 
THRUSTERS  2 


HIGH  & LOW  GAIN  ANTENNAS. 
DIGITAL  COlyiMAND  & PROGRAMMER, 
TRANSPONDER,  TRACKING  & DATA 
STORAGE.  TRANSMISSION  TO  EARTH 
AT  40  MIN. /EXPOSURE.  lOW  & 
0.5W  TRANS^a■TTERS 

BIPROHULANT  PRESSURE -FED; 

100  LB  THRUSTER  FOR  Mn>COURSE 
AND  LUNAR  RETRO  MANEUVERS 


SOLAR  ARRAYS  (IO856  CELLS) ~ 
NiCd  SECONDARY  BATTERY  - 
SUPPLIES  375  W. 
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SYNC.  EQ.  EARTH  RESOURCES 

MARS  ORBITER 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- ADD  ADV.-VIDICON  CAMERA  SYSTEM  (TV) 

- DELETE  V/H  SENS.  & MED,  RES.  LENS 

- INCREASE  FILM  QUANTITY 

- CHANGE  READOUT  METHOD  Ss  ADD  2nd  OMS 

SAME  AS  LUNAR  ORBITER  EXCEPT: 
REDUCED  RESOLUTION  ~ 30M  PROM 
110  NM 

ADD  U/V  & IR  EXPERIMENTS  FROM 
MARINER  '71  AND  2nd  OMS 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- STRENGTHEN  TANK  SUPPORT  STRUCTURE 

- ADD  MOUNTING  FOR  TV  CAMERA 

- ADD  FILM  SUPPLY  SHIELDING 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- STRENGTHEN  TANK  SUPPORT  STRUCT. 

- ADD  HEATERS  & INSULATION 

- ADD  PROVISIONS  FOR  SECONDARY 
EXPERIMENTS 

- INCREASE  CAPABILITY  OF  DEPLOY. 
MECHANISMS 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- ADD  EARTH  HORIZON  SENSOR 

- ADD  2 REACTION  WHEEL  & CONTROLS 

- DELETE  CANOPUS  TRACKER 

- ADD  PITCH  WHEEL  & PITCH  RATE  GYRO 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- REPLACE  IRU  WITH  IMPROVED  UNIT 
WITH  HIGHER  RELIABILITY  AND 
LONGER  LIFE. 

SAME  AS  LUNAR  ORBITER  EXCEPT: 
INCR,  N SUPPLY  AND  ADDED 
REDUNDANT ‘^PLUMBING  & VALVES 
ADDED  E-W  THRUSTERS 

SAME  AS  LUNAR  ORBITER  EXCEPT; 

- ADD  ADDITIONAL  N TANK  + 

PLUIffilNG 

- DOUBLE  Ng 

SAME  AS  LUirAR  ORBITER  EXCEPT: 

- ADD  TAPE  RECORDER  & ELECTRONICS 

- CHANGE  TO  FIXED  HIGH  GAIN  ANT. 

- ADD  REDUNDANT  TWTA  & PCM 
MULTIPLEXER/ENCODER 

SAME  AS  LUIJAE  ORBITER  EXCEPT: 

- ADD  TAPE  RECORDER  + ELECTRONICS 

- REDUNDANT  TRANSPONDER  + PCM  MUX/ 

' ENCODER 

- REPLACE  low  TWT  WITH  2 40W 

- REPLACE  PARABOLIC  HE -GAIN  ANT. 
WITH  9'  DIA.  ANTENNA 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- REPLACE  4 BIPROP  TANKS  VOTH  ONE 
COMMON-BULKHEAD  LARGER  TANK 

- ADD  BIPROP  FOR  ORBIT  INSERTION 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- REPLACE  4 BIPROP  TANKS  WITH  ONE 
COMMON-BULKHEAD  LARGER  TANK 

- ADD  BIPROPELLANT  FOE  TRANS -MARS 
MIDCOURSE  AND  FOR  MAES  RETRO 

SAME  AS  LUNAR  ORBITER  EXCEPT: 

- ADD  ONE  CHARGE  CONT . + SHUNT  REG. 

- ADD  ONE  BATTERY 

- ADD  SUN  TRACKER 

- ADD  SOLAR  ARRAY  ORIENTATION  DEVICE 

(4) 

SAME  AS  LUNAR  ORBITER  EXCEPT:  | 

- INCREASE  SOLAR  ARRAY  AREA 

- ADD  BATTERY 

- ADD  REDUNDANT  SHUNT  REG.  + 

CHARGE  CONTROLLER 

_-j' 

LUNAR  ORBITER  DERIVATIVES 
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3.1  A Baseline  Payload  Coat  Apportionment 

The  cost  analysis  support  of  the  Cost  Optimization  Analysis,  ccaisisted  of  col- 
lection, review,  and  synthesis  of  the  baseline  payload  historical  cost  data. 
Historical  data  were  collected  for  the  Small  Research  Satellite  (SRS)  or  P-11, 
the  Orbiting  Astronomical  Observatory  (OAO-B),  and  the  Lunar  Orb  iter  (LO)  pro- 
grams. Althou^  the  Lunar  Orbiter  was  not  used  per  se,  it  constituted  a ref- 
erence payload  from  which  two  derivatives  were  extrapolated,  the  Synchronous 
Ec[uatorial  Earth  Resources  Satellite  (SSO)  and  the  Mars  Orbiter  (MO)  . The 
latter  two  payloads  formed  simulated  baselines  with  simulated  "historical" 
costs  and  design  state-of-the-art  representative  of  the  1964-67  time  period  as 
extrapolated  from  the  actual  Lunar  Orbiter  reference  program. 

3. 1.4.1  Cost  Allocation  A-pproach.  The  objective  of  the  cost  allocation  effort 
was  to  assign  historical  cost  data  to  the  baseline  subsystems  and  cost  cate- 
gories standardized  for  this  study,  and  to  extrapolate  simulated  historical 
costs  for  the  SEO  and  MO  programs.  The  cost  was  broken  down  into  the  basic 
categories  of  non-recurring  or  RDT&E  cost  and  the  recurring  unit  hardware  cost, 
and  operations  cost.  Allowing  for  the  quantities  of  flight  articles  and  mis- 
sion operations  period  for  each  baseline  program,  total  program  cost  was  summed 
from  above  categories.  For  backup  information,  RDT&E  costs  were  further  broken 
down  into  the  functional  cost  categories,  such  as  development,  GSE,  spacecraft 
integration  and  test,  and  program  management,  by  subsystem.  ’Unit  hardware  cost 
and  operations  costs  were  broken  down  only  by  subsystem.  Costs  which  could  not 
be  allocated  by  subsystem  (e.g.,  transportation)  were  aggregated  into  a non- 
allocatable  cost  category. 

The  approach  to  accomplishing  this  task  was  to  obtain  a complete  (as  possible) 
set  of  historical  cost  data  and  to  check  their  breakdowns  and  contents  to  as- 
sure consistency  with  the  desired  Payload  Effects  Study  cost  category  break- 
downs . Any  incompletions  and  inconsistencies  were  adjusted  and  the  costs  were 
then  allocated  by  subsystem  to  provide  a standardized  set  of  baseline  payload 
data. 
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3. 1.4. 2 Unmaimed  Payload  Cost  Model.  The  unmanned  payload  cost  model  repre- 
sents the  "baseline  payload  cost  aggregation.  The  elements  of  this  model,  and 
the  manner  in  which  they  are  summed  for  the  total  program,  are  as  follows: 


TPCp 

L (RKCp  + RCp)  CP  J FM 

TPCp 

= 

Total  Payload  Program  Cost 

HRCp 

- 

Total  Ron-Recurring  Payload  Cost 

RCp 

= 

Total  Recurring  Payload  Cost 

CF 

- 

Prime  Contractor  Pee* 

IM 

= 

Customer  Program  Management* 

MCp 

DCp  f GCp  + ICp  + MCp 

DCp 

= 

Development  Cost  of  Payload 

DCp 

= 

C DC.  ] + UD 

i=l  ^ 

DC. 

1 

= 

ith  Su"b system  Development  Cost 

iro 

= 

Unallocated  Development  Support 

a 

= 

Ro.  of  Subsystems  in  the  Payload 

GGp 

= 

Payload  GSE  Cost 

ICp 

= 

Spacecraft  Integration  and  Test  Cost 

MGp 

= 

Program  Management  Cost 

r . “1 

RCp 

= 

Q L "^2  HC.  + SOC  + EOC  J 
i=l  ^ 

Q 

= 

Quantity  of  Pli^t  Units  in  the  Program 

HG. 

1 

ith  Subsystem  Unit  Hardware  Cost 

soc 

Spacecraft  Unit  Operations  Cost 

EOC 

= 

Experiment  Unit  Operations  Cost 

* This  factor  was  not  included  in  the  analyses  of  this  study. 
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D ef initions  - To  clarify  the  content  of  the  various  cost  categories,  the 
following  definitions  are  provided: 

Payload  - Describes  the  spacecraft  and  experiments  but  excludes  launch 
vehicle  elements. 

Subsystems  - These  are  as  previously  defined. 

Subsystem  Develonment  Cost  - Includes  development,  design,  engineering, 
tooling,  developmental  materials,  and  support  for  a given  subsystem. 

Unallocated  Development  Support  - Includes  costs  not  allocated  to  a sub- 
system and  includes  mission  planning,  launch  and  flight  operations  plan- 
ning, logistics,  facilities  support,  QA  and  reliability  support,,  and  com- 
puter programs  related  to  total  mission. 

GSS  Cost  - Consists  of  all  GSE,  AGE,  and  test  equipment  including  GSE  for 
the  experiments  and  mission  peculiars.  (Since  payload  quantities  per 
given  program  have  been  historically  small,  all  payload  GSE  development 
and  procurement  is  charged,  to  the  non-recurring  cost) . 

Payload  System  - Describes  the  payload,  payload-launch  vehicle  adapter 
and  any  payload  peculiar  additions  to  the  launch  system. 

Spacecraft  Integration  and  Test  Cost  - Includes  component,  and  subsystem 
test,  test  program  integration  and  sustaining  engineering,  system  analysis 
and  integration,  and  test  data  reduction. 

Program  Management  - Includes  administrative  and  support  costs  associated 
with  project  management  office.  (Recvirring  hardware  and  operations  costs 
include  reciirring  program  management  and  sustaining  engineering  costs.) 

Hardware  Unit  Cost  - Consists  of  the  sum  of  the  subsystem  hardware  costs 
including  spares  and  replacement  parts  prorated  to  the  flight  unit.  (Since 
quantities  of  the  same  payload  hardware  have  been  historically  small,  no 
learning  curve  has  been  identified  or  applied  in  this  model.) 
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Operations  Costs  - Include  launch  and  flight  operations,  logistics  support, 
flight  data  collection,  reduction-  and  reporting,  sustaining  engineering  and 
integration,  GSE  support  and  maintenance,  relevant  to  the  payload. 

3. 1.4. 3 Cost  Apportionment  Assxmtptions . In  organizing  and  standardizing  the 
baseline  payload  cost  data,  several  assumptions  were  made  to  maintain  consis- 
tency within  the  data  sets.  These  assumptions  arer 


0 Payload  system  costs  do  not  include  shrouds,  unless  specifically  devel- 
oped for  the  payload. 

• Payload  program  costs  do  not  include  launch  vehicles. 

0 The  Adapter  Subsystem  includes  primarily  the  costs  of  adapter  and  its 
integration  with  the  launch  vehicle.  The  structural  integration  of  the 
spacecraft  and  experiments  is  charged  to  the  Structure  and  Mechanisms 
Subsystem. 

« Prime  Contractor’s  fee  (CF)  has  not  been  included,  although  the  sub- 
contractors fees  on  experiments  and  other  subsystems  are  included. 

® Customer's  program  management  costs  (BI) , such  as  program  office, 
etc.,  are  not  included  in  the  baseline  payload  program  costs. 

® Learning  curve  effects,  if  any,  were  not  considered  in  the  baseline. 

0 Since  the  payloads  were  built  over  a time  span  from  1961  to  the  pre- 
sent, the  historical  cost  data  were  adjusted  for  inflation  and  con- 
verted to  1970  dollars.  In  the  conversion,  the  following  Inflation 
Factors,  based  on  the' Aerospace  Guided  Missile  and  Spacecraft  Inflation 
Index:,  were  usedr 
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Payload  Item 

Cost 

Year  Span 
Cost  Data  Base 

Inflation  Factor 
for  1970  $ Base 

OAO  Spacecraft 

BDT&E 

1961-1968 

1.3721 

Fab. 

1969-1970 

1.0315 

Ops. 

1970 

1.0000 

OAO  Experiments 

EDT&E 

1967-1969 

1.1390 

Fab. 

1969-1970 

1-0315 

Ops. 

1970 

1.0000 

Lunar  Orbit er 

RDT&E 

1964-1966 

1.33073 

(SEO  & ^K) 

Fab . 

1965-1967 

1.26537 

Derivatives) 

Ops. 

1966-1967 

1.23350 

Small  Research 

EDT&E 

1961-1965 

1. 484-38 

Satellite 

Fab. 

1968 

1.144 

Ops. 

1968 

1.144 

All  "baseline  payload  cost  data  given  throu^out  the  "body  of  this  report  are  in 
1970  dollars. 


3.1.5  Baseline  Pavload  "Weight  and  Reliability  Apportionment 

To  provide  a consistent  base  for  computer -comparison  and  tradeoff  of  the  wei^ts, 
reliabilities,  and  costs  of  the  four  selected  payloads,  a reference  set  of  data 
were  established  on  each  payload  to  the  subsystem  level.  An  analysis  was  made 
of  reference  data  available  on  each  payload:  weight  statements,  reliability 

reports,  design  specifications,  and  other  data  pertinent  to  hardware  functional 
description.  For  clarification  of  hardware  functional  redundancy  arrangements, 
direct  contacts  were  made  with  the  payload  project  offices  (Boeing  and  Kodah  on 
the  Lunar  Orbiter^  MSA/G-oddard  on  the  OAOj  LMSC  P-11  Program  on  the  SRS) . All 
reliability  characteristics  used  during  the  study  were  based  upon  estimates 

made  of  the  probability  that  the  payload  and  parts  thereof  will  perform  satis- 
factorily without  catastrophic  failure.  Actual  performance  figures  on  opera- 
tional payloads,  even  though  available  in  some  cases,  have  not  been  used.  In 
this  way,  the  uncertainties  created  hy  "partial- success"  missions  has  been 
avoided  and  a common  reference  base  has  been  maintained  for  cost-optimization. 
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3-1.6  Launch  Vehicle  Costs.,  Reliability 

3. 1.6.1  Launch  System  Selection.  With  WASA  and  Aerospace  Corporation  agree- 

ment, a launch  vehicle  system  was  selected  for  each  of  the  payload  types  in 
three  categories:  alternate  current  expendable,  low-cost  expendable,  and  re- 

usable . Figure  3~^  identifies  the  launch  vehicle  systems . 

3. 1.6. 2 Costs  of  Launch  Systems.  Costs  for  these  launch  systems  were  provic 
by  the  Aerospace  Corporationj  these  costs,  representing  the  best  estimates  oi 
costs  extrapolated  to  the  I978-I99O  time  period,  were  based  upon  (l)  actual  ( 
rent  launch  systems,  (2)  estimates  of  the  low-cost  expendable  future  systems 
and  (3)  on  estimates  of  the  Space  Shuttle  operational  costs.  By  agreement  ai 
MSA,  Aerospace,  Mathematica,  and  LMSC,  the  cost  per  launch  of  the  Shuttle  ws 
based  upon  an  assumed  marginal  cost,  excluding  amortization  of  the  Shuttle  ir 
vestment.  These  user's  costs  are  tabulated  in  Fig.  3-5  for  each  of  the  selec 
ted  launch  vehicle  systems.  The  use  of  these  costs,  or  apportioned  percentag 
thereof,  in  the  cost- optimization  analysis  is  explained  later  in  this  report. 


3. 1,6. 3  Launch  System  Reliability . Estimates  of  launch  system  reliability  i 
made  by  LMSC  based  upon  (l)  historical  experience  with  expendable  systems,  ai 
(2)  estimates  of  Shuttle  and  Space  Tug  reliability  coordinated  by  Aerospace  i 
MSA  agencies.  Agreement  bn  reliability  characteristics  was  reached  by  MSA, 
Aerospace,  and  LMSC.  The  numbers  are  also  listed  for  each  launch  system  in 

I'lg.  3-5. 


These  numbers  represent  the  probability  of  successful  performance  of  the  lam 
system  up  to  the  point  of  separation  into  free  flight  of  the  payload.  Becaus 

I 

the  jettison  of  the  payload  fairing  and  the  separation  of  the  payload  from  tl 
launch  vehicle  or  upper  stage  are  so  functionally  oriented  to  the  payload,  tl 
reliability  of  these  two  operations  has  been  included  with  the  payload  syster 
rather  than  with  the  launch  system.  The  launch  system  reliability  numbers  w« 
later  entered  directly  into  the  cost-optimization  runs  for  the  parametric 
analysis . 
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PAYLOAD 

TYPE 

MISSION 

DESTINATION 

CURRENT  ALTERNATE  EXPENDABLE 

NEW  LOW-COST  EXPENDABLE 

REUSABLE 

OAO 

400  NM;  35° 

■ ATLAS/CENTAUR 

7 SEG  SRM' (2)/ 
TITAN  LDC  (TIII-L2) 

SHUTTLE  (57000 
LB  to  100  NM; 

28.5°), 

MAES 

ORDITEE 

998  EM  X 
24  M 

MARS  ORBIT 

, 

/ 

TITAN  illD/CENTAim 

TITAN  IIID/CENTAUR 

SHUTTLE  (72200* 
LB  to  100  NM; 

28.5°)/ 

SPACE  TUG  1 

SYNC.  EQ. 

EAl^TH 

EESOURCES 

lg320  NM; 

TITAN  IIID/CENTAUR 

TITAN  IIID/CENTAUR 

SHUTTLE  (72200*”^' 
LB  to  100  NM; 

28.5°)/ 

SPACE  TOG  - 

SRS 

— ■ 

300  NM;  82° 

ATLAS  aLV-3C/BURNER  IZ 
(10  PT.  DIA.) 

3 SEG  SRM/TITAN  CORE  II/ 

AGENA  (10  FT.  DIA.) 

' 

SHUTTLE  (41000 
LB  to  100  NM; 

28.5°) 

1 run  = 1.852  tan 

1 11  = 0.4536  kg 

* Space  Tug  delivers  payload  into  trans-Mars  trajectory  and  returns  to  LEO. 

**  Space  Tug  delivers  payload  to  Sync.  Eq.  orbit  and  returns  empty  to  LEO  or  returns  empty  to  LEO 
or  returns  with  equal -weight  payload. 


Eig,  3-4  ■ Selected  Launch  Vehicle/UpperStage/Payload  Combinations 
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LAIMCH  VEHICLE/ 

L.V. 

COST  PER  FLIGHT 
MILLIOE'I 

REL. 

PAYLOAD 

EEVELOPE 

PAY 

LOAD  DELY 

. CAPABILITY 

UPPER  STAGE 

CATEGORY 

RECUR 

OPS 

TOT  * 

CHAR. 

LIMIT 

(INCHES) 

TYPE 

wt.(lb) 

ORBIT 

ATLAS  SLV-3A/BUEEER  II 

ALT.  CUR. 

3.5 

B 

4.8 

.950 

120D 

SRS 

4ooo 

300  EM;  82° 

ATLAS  SLV-3C/CEMTAUR 

ALT.  CUE. 

6.3 

2.3 

8.6 

.936 

120D 

OAO 

9500 

400  EM;  35° 

ALT.  CUR. 

12.0 

3.0 

15.0 

.945 

120D 

MARS 

ORB. 

7000 

MARS  INJECT 

ALT , CUK , 

12.0 

3.0 

15.0 

.945 

120D 

ERS 

7000 

SYNC.  EQ. 

1-LX/U\  OiilivXAUK 

LOW  COST 

12.0 

3.0 

15.0 

.945 

I8OD 

ERS 

7000 

SYNC,  EQ. 

LOW  COST 

12.0 

3.0 



15.0 

.945 

I8OD 

MARS 

ORB, 

7000 

MARS  INJECT 

3 SEG  SEM/TITAH  CORE  II 
AGEHA 

LOW  COST 

5.0 

1.5 

6.5 

.968 

120D 

SRS 

4ooo 

300  NM;  82° 

7 SEG  SRM  (2)/ 
TITAE  LDC 

LOW  COST 

15.0 

3.0 

18.0 

.985 

I8OD 

OAO 

10000 

— — 

400  EM;  35° 

■ 

SHUTTLE  (57000  LB  TO 
100  EM;  28.5°) 

REUSABLE 

(3.0) 

(4.0) 

3.0 

.990 

I8OD  X 720 

OAO 

30000 

400  EM;  35° 

REUSABLE 

(3.0) 

(4.0) 

3.0 

.990 

I8OD  X 720 

SRS 

5000 

300  EM;  82° 

SHUTTLE  (72200  LB  TO 

100 -EM;  28.5°)/ 

SPACE  TUG 

REUSABLE 

(3.3) 

(4.7) 

3.7 

.970 

I8OD 

MARS 

ORB. 

9000 

MARS  INJECT  ' 

REUSABLE 

(3.3) 

(4.7) 

3.7 

.970 

I8OD 

ERS 

2100 

SYNC.  EQ,  R.T.  i 

*Average  user's  cost 


Fig.  3-5  SELECTED  LAtMCH  VEHICLE/UPEER  STAGE  CAPABHITY/EELIABILITY/COST  P 

1 nm  = 1.852  km  ^ 

1 lb  = 0.4536  kg 
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3-2  UIZPIAL  BASELIME  PATLOAD  DATA 


This  section  s-unmiarizes  the  sources  of  the  haseline  payload  data  and  provides 
overall  and  subsystem  descriptions  of  the  three  initial  baseline  payloads,  the 
Orbiting  Astronomical  Observatory  (OAO-B) , the  Lunar  Orbiter,  and  the  Small  Re- 
search Satellite  (SRS).  Included  in  this  section  are  the  apportionments  of 
cost,  wei^t  and  reliability  for  each  payload  by  subsystem. 

3.2.1  Payload  Data  Acquisition 

Data  on  the  baseline  spacecraft,  OAO-B,  Lunar  Orbiter  and  Small  Research  Satel- 
lite were  obtained  from  sources  as  described  below.  After  analysis  of  the  data 
and  allocation  according  to  the  standard  study  format,  the  data  was  resubmitted 
to  the  original  source  for  review  and  comment.  A summary  of  baseline  payload 
and  alternate  derivatives  is  provided  in  Fig.  3-6.  - 

OAO-B  - The  Goddard  Space  Flight  Center  (GSFC)  through  the  Program  Director  of 
the  OAO  program  provided  LMSC  with  detailed  historical  cost  and  design  data  on 
the  OAO  program  from  its  inception.  Also,,  GSFC  cooperated  in  interpretation 
of  the  detailed  data.  In  addition,  GSFC  provided  the  results  of  the  OAO/LST 
Shuttle  Economies  Study  performed  by  the  Grumman  Aerospace  Corporation. 

Lunar-Orbiter  - The  Boeing  Company  provided  all  pertinent  design  and  cost  data 
generated  diiring  the  conduct  of  the  Lunar*  Orbiter  program  for  HASA  Langley  Re- 
search Center  (LaRC)  under  Contract  MAS  1-3800.  These  included  comprehensive 
design  data,  including  38  technical  reports,  specifications,  plans,  manuals, 
and  flight  test  results.  Program  cost  data  were" provided  in  the  form  of  the 
Final  Contractor  Financial  Management  Report  (MSA  Form-  533)  . 

SRS  - Design  and  cost  data  were  provided  to  the  study  directly  by  the  LMSC  Pro- 
gram E-11  management  and  engineering  personnel.  Direct  assistance  on  the  tech- 
nical details  of  the  Small  Research  Satellite,  its  cost  and  schedule,  were  pro- 
vided by  the  Chief  Engineer  of  the  program.  As  this  is  an  LMSC  developed 
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satellite,  and  several  of  the  engineers  that  bad  participated  in  the  3RS  devel- 
opment are  members  of  the  study  team,  there  were  no  problems  related  to  acqui- 
sition or  interpretation  of  the  spacecraft  details.  Since  most  of  the  experi- 
ments flown  during  the  22  flights  of  the  SRS  were  classified,  a representative 
escperiraent  package,  suitably  sized  and  priced,  was  selected  for  the  SRS  payload 
This  was  the  EKiLO  experiment  package,  developed  by  LMSC  for  DoD  for  the  OV-1 
program.  Concurrence  on  this  substitution  as  a typical  set  of  Space  Physics 
experiments  was  obtained  from  Physics  and  Astronomy  Programs,  Office  of  Space 
Sciences  and  Applications.  Descriptions  of  the  HEGLO  experiments  are  included. 

3.2.2  Orbiting  Astronomical  Observatory  (OAO-E)  Baseline  Data 

3 ,2.2.1  General  Description.  The  OAO  is  an  unmanned  astronony  satellite  de- 
signed to  gather  scientific  data  from  stellar  sources  from  a circular  earth 
orbit  of  390  to  4l7  nm  (718  to  768  km)  with  an  inclination  of  35°  ±1°.  It  is 
also  capable  of  operating  in  an  elliptical  orbit,  perigee  SkQ  (6hl)  and  apogee 
of  520  nm  (958  km).  In  agreement  with  KASA/Goddard,  the  OAO-B  version  of  the 
series  was  selected  as  most  representative  of  the  stellar  astronomical  tele- 
scopes and  most  readily  extrapolatable  to  the  future  large  space  telescopes  of 
the  2 -meter  and  3-m®ter  size. 

The  baseline  OAO-B  presents  an  octagonal  cross-section  body  configuration  with 
two  large  fixed  (deployable)  multi-panel  rectangular  solar  arrays  and  with  a 
protective  stmbaffle  protruding  along  the  telescope  line-of-sight  approximately 
76  in.  (1.9  m)  beyond  the  payload  body  length  of  II8  in.  (3  ib)  ♦ The  38  in. 

(1  m)  diameter  telescope  is  mounted  within  a 48-in.  (l.2  m)  diameter  cavixy 
within  the  payload  body.  I'igure  3-7  contains  an  illustration  of  the  payload 
assembly  and  a listing  of  its  primary  characteristics. 

3. 2. 2. 2 Mission  Description.  The  mission  of  the  OAO-B  comprises  operation  in 
earth  orbit  for  a minimum  of  one  year,  pointing  to  a variety  of  stellar  targets 
and  collecting  and  transmitting  to  earth  high-resolution  spectral  data  in  the 
ultra-violet  region  of  the  spectrum. 
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The  sources  and  data  are  graiped  as  follows: 

« Peculiar  Stars  - Time -dependent  photomet2?y  of  stars  such  as  Beta  Ganis 
Majoris,  T Tauri,  and  Wolf-Eayet. 

6 Hormal  Stars  - Determination  of  energy  distributed  in  the  continuumj 
blanketing  effects,  and  identification  and  intensities  of  strong 
emission  lines. 

e Mebular  and  Interstellar  Media  - Data  on  law  of  reddening,  W radia- 
tion field,  and  spectra  of  emission  and  reflection  nebulae. 

a Galaxies  and  Intergalactic  Media  - Data  on  spectral  energy  distribution 
of  nearby  galactic  systems,  and  magnitude  and  intensity  of  Lyman-alpha 
red  shift. 

3. 2. 2. 3 Subsystem  Description.  The  subsystems  of  the  OAO-B  are: 

Adapter  - The  baseline  OAO-B  is  launched  into  orbit  by  an  Atlas  SEiV-3C/Centaur. 
The  OAO-B  is  mounted  atop  a Centaur/Payload  Adapter;  there  are  eight  protruding 
fittings  on  the  aft  end  of  the  payload,  each  of  these  mating  with  a forward  ring 
on  the  adapter.  A V-Band  clamp  ring  secures  the  paylosid  fittings  to  the  adapter 
until  pyrotechnic-actuated  devices  separate  the  clamp  and  allows  separation  of 
the  OAO-B.  A protective  exit  fairing  covers  the  payload  during  launch  and  a 
portion  of  the  ascent;  the  fairing  is  jettisoned  prior  to  the  aforementioned 
separation  of  the  OAO-B  from  the  Centaur.  For  purposes  of  this  study,  the  exit 
fairing  was  considered  part  of  the  launch  vehicle  system;  the  adapter  and  sepa- 
ration clamp  were  considered  part  of  the  baseline  payload  system. 

t 

Experiments  - The  experiments  comprise  a telescope-spectrometer  having  the 
following  characteristics: 

Aperture:  38  in.  (O.965  m) 

Spectral  Range:  1100  to  426?  A 

Resolution:  2,  8,  64  A 
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Field  Size:  5 min  x 1 mi^ 

5 m^  X 10  s_^c 
5 min  X 40  sec 

Pointing  Accuracy:  1 sec 

Data  output:  digital 

The  experiment  optical  system  eirploys  a Cassegrain  telescope  with  a large- 
aperture  spectrometer.  Principal  elements  are  a primary  mirror,  a secondary 
mirror,  spectrometer  mirror,  and  diffraction  grating.  The  experiment  elec- 
tronics system  comprises  an  analog  electronics  assembly,  seven  detectors,  and 
associated  digital  conversion  electronics.  Six  W detectors  measure  spectral 
energy  and  generate  data  in  a train  of  asynchronous  pulses  (counted  hy  a data 
accumulator  in  the  digital  electronics  package) . A seventh  detector  acquires 
data  in  the  visible  spectral  range  for  correlating  UV  intensity  and  star  mag- 
nitude . 

Effective  use  of  the  experiment  requires  fine  guidance  within  1 to  2 secs  of 
accuracy.  The  experiment  package  contains  a fine -control  error  sensor  which 
generates  a star-presence  signal  indicating  that  a star  has  been  acquired  and 
allows  transmission  of  error  signals  and  (2)  provides  signals  to  ground  on  star 
presence,  star  magnitude,  and  error -monitoring  signal. 

Structures  and  Mechanisms  - The  baseline  structure  is  an  octagonal  box,  sub- 
divided into  6 longitudinal  segments  and  into  8 peripheral  segments;  a total 
of  48  equipment  compartments  surrounding  a central  48  in.  (l.2  m)  diameter  cyl- 
indrical cavity  in  which  the  telescope  is  installed.  A separate  angle-cutoff 
cylindrical  sun  shield  is  installed  on  the  open  telescope  end.  A "blow-off" 
lid  covers  the  open  end  of  the  shield  until  jettison  is  commanded.  An  auxiliary 
semi- cylinder  sunshield  sun-protects  the  boresight  star  tracker. 

Mechanisms  include  extendable  balance  booms  and  latches  and  extension  mechan- 
isms for  the  solar  arrays . 
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Electrical  Power  Subsystem  - The  baseline  subsystem  consists  of  fixed-position 
arrays j nickel-cadmium  batteries,  and  the  power  control,  conversion,  and  dis- 
tribution elements.  A stin  bathing  capability  is  provided  for  orientation  of 
the  solar  arrays  to  obtain  high-energy  input  from  the  sun. 

Guidance  and  Navigation  (Stabilization  and  Control)  Subsystem  - The  baseline 
subsystem  stabilizes  the  OAO-B  following  separation  from  the  Centaur,  orients 
the  payload  to  the  attitudes  required  by  the  mission,  and  maintains  the  payload 
in  precise  pointing  mode  during  the  stellar-sighting  periods . The  GNS&C  sub- 
system includes  both  coarse  and  fine-pointing  equipment,  the  latter. being 
sv7itched  on  automatically  or  by  ground  command  when  the  pointing  error  settles 
to  within  ± 2 min  of  arc.  A boresight  tracker,  aligned  parallel  to  the  tele- 
scope optical  axis,  can  be  commanded  to  produce  aiming  offsets  in  increments 
of  15  sec  up  to  ± 15  min  of  arc  from  the  target  star  (5th  magnitude  or  brighter) 
or  in  1 min  increments  up  to  ±1.5  deg  from  target  star  sighting  line. 

The  principal  elements  of  the  S&C  subsystem  are:  Three  coarse  and  three  fine 
momentum  wheels  and  associated  electronics;  six  star  trackers;  magnetic  unload- 
ing equipment;  an  inertial  reference  unit;  and  integrating  control  electronics. 

Attitude  Control  Subsystem  - The  baseline  subsystem  includes  a primary  and  a 
secondary  gaseous  nitrogen  system.  Each  consists  of  GJT^  tankage,  plumbing  and 
valves,  and  cold- gas  thrusters.  Control  signals  for  on-off  pulsing  are  pro- 
vided by  the  GFS&C  subsystem. 

Communications,  Data  Processing,  and  Instrumentation  (CDP&l)  Subsystem  - The 
baseline  subsystem  provides  the  following  functions:  (l)  Ground  command  link 

for  the  spacecraft  and  the  experiment  package;  (2)  Telemetry  ground  links  for 
wide  and  narrow  band  data  transmission;  (3)  Tracking  beacon  for  STADAKf  network; 
(4)  Programming  of  spacecraft  equipment,  decoding  and  execution  of  spacecraft 
and  experiment  commands,  and  gathering  and  storage  of  spaceccaft  and  experiment 
status  data;  (5)  Measurement  of  spacecraft  status  data.  The  frequencies  used 
are: 
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Command 

149.52  MHz 

Wide  Band  Data 

4oo 

MHz 

Harrow  Band  Data 

136 

MHz 

Tracking  Beacon 

136 

MHz 

Multiple  units  are  provided  in  redundant  arrangement  for  the  critical  operating 
functions:  four  command  receivers,  two  beacon  transmitters,  and  two  telemetry 

transmitters . 

Environmental  Control  Subsystem  - The  baseline  subsystem  includes  two  basic 
types  of  hardware; 

Passive  Thermal  Control 

® Insulation 
® Radiation  coatings 
® Conductive  materials 

Semi -Active  Thermal  Control 

tt  Louvers 

• Heaters 

• Thermostats 

The  louvers  are  used  in  the  high-heat-producing  equipment  compartments. 

3. 2. 2. 4 Initial  OAO-B  Baseline  Cost  Estimate.  The  source  for  OAO-B  cost  data 
was  the  MSA  Goddard  Space  Flight  Center  (GSFC)  at  Greenbelt,  Maryland.  Since 
the  cost  data  were  not  in  a pure  form  for  this  particular  spacecraft,  a method- 
ologjr  for  isolating  the  OAO-B  costs  from  the  OAO  series  was  established  and 
agreed  upon  by  the  LMSC  and  the  Goddard  cost  analysts. 

To  establish  a reasonable  OAO-B  spacecraft  repeat-fli^t  cost,  the  repeat  cost 
quoted  by  GSFC  for  OAO-C  was  used,  less  any  one-time  costs  for  the  'C  config- 
uration (including  an  LMSC  estimate  of  one-time  thermal  analysis) . Since  the 
Goddard  subsystem  breakdown  differed  sli^tly  from  the  study  subsystem  format, 
some  costs  were  reallocated  utilizing  the  component  backup  cost  data  supplied 
by  Goddard - 
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In  addition,  the  cost  of  the  OAO-B  experiment  package  -was  allocated  among  one- 
time costs  (including  protots^e),  repeat  unit  costs,  and  operations  costs  (pri- 
marily data  reduction  and  analysis) . This  allocation  was  based  on  ratios  de- 
rived from  IiMSC  interpretation  of  the  Smithsonian  Astrophysical  Observatory 
(SAO),  Wisconsin  Experiment  Package  (WEP) , and  Princeton  experiment  cost  break- 
downs. 

To  approximate  the  magnitude  of  OAO  spacecraft  research  and  development  needed 
to  attain  sin  OAO-B  level  of  capability,  the  GSFC-supplied  total  spacecraft 
costs  through  OAO-A-2  were  added  to  the  one-time  costs  for  the  B configuration 
(quoted  OAO-B  cost  less  the  repeat  cost  derived  above),  and  then  reduced  by 
the  estimated  costs  of  OAO-A-1  and  A-2  fli^t  articles  and  adjusted  to  a I97O 
dollar  base.  Costs  through  OAO-A-1  were  adjusted  from  a I962-66  base,  costs 
for  A-2  from  a I967-68  base,  and  costs  for  B from  a 19^9  base. 

The  operations  costs  derived  by  LMSC  include  launch  operations  and  services 
(functional  tests,  mating,  etc.),  flight  operations  and  services  (OCC  team  op- 
eration and  software  support),  and  tracking/data  acquisition  net  operations. 

The  OAO-B  costs  were  subjected  to  a further  allocation  of  costs  to  individual 
subsystems.  This  step  consisted  of  prorating  certain  of  the  costs  that  appeared 
amenable  to  further  allocation,  particularly  Spacecraft  Integration  and  Test, 
GOE/GSE,  and  Operations  costs.  In  making  these  allocations  best  Judgnent  was 
used  as  to  the  relative  magnitude  of  these  cost  elements  in  relation  to  the 
individual  subsystems.  The  results  of  this  allocation,  adjusted  to  1970  dol- 
lars, are  reflected  in  the  final  OAO-B  Baseline  Cost  Summary,  Pig.  3-8. 

All  costs  were  reassessed  subsequently  and  a bottom-up  cost  estimate  for  the 
program  was  made.  Relatively  good  correlation  was  found.  The  costs  for  the 
"Recosted  Baseline"  are  shown  in  Section  6 .3 . 
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3. 2. 2. 5 OAO  Ifeight  and  Reliability.  The  smimary  of  subsystem,  payload, 
payload  system  weights  and  reliabilities  for  the  baseline  OAO-B  are  tabulated 
in  Pig.  3-9.  The  4,8ll  lb  (2,l8?  kg)  (including  66  lb  [30  kg]  of  expendable 
IT^)  is  the  total  wei^t  of  the  payload  as  it  is  placed  into  orbit  by  the  Cen- 
taur upper  stage.  The  O.609  reliability  is  the  probability  that  the  OAO-B  will 
perform  its  mission  for  one  year  in  orbit  without  catastrophic  failiire. 

The  reliability  data  on  the  OAO-B  were  not  available  from  MSA/Goddard  in  the 
data  package  provided  to  LMSC.  Using  the  weight  statement  on  the  OAO-B  and 
historical  data  on  similar  hardware,  LMSC  created  a detailed  listing  of  weights 
and  estimated  reliabilities  for  the  components  of  the  subsystems.  This  list  . 
was  coordinated  with  MSA/Goddard  and  their  comments  have  been  incorporated. 

3*2.3  Lunar  Orbit er  Baseline  Bata 

3.2.3 .1  General  Description.  The  Lunar  spacecraft  was  developed  for  MSA 
Langley  Research  Center  by  the  Boeing  Company  under  Contract  MS  I-38OO.  The 
program  initiated  in  1964,  had  the  objectives  of  providing  high-resolution 
photography  (<  1 meter)  of  potential  Apollo  landing  sites  and  a medium  resolu- 
tion photo  atlas  of  the  moon,  A total  of  five  successful  spacecraft  missions 
in  five  attempts  were  completed  during  1966  and  I967;  all  program  objectives 
were  accomplished.  The  Lunar  Orbiter  is  of  particular  interest  in  examining 
minimum  cost  design  approaches  as  the  design  was  severely  constrained  in  wei^t 
by  the  capability  of  the  launch  vehicle  and  by  direction  to  utilize  available 
systems  and  components  in  order  to  expedite  the  development  phase.  Weight  re- 
strictions forced  costs  upwards  by  dictating  such  wei^t  reduction  techniques 
as  use  of  chem-milled  titanium  tanks,  the  extensive  use  of  beryllium  and  a 
total  redesign  of  an  existing  photographic  subsystem. 

The  Lunar  Orbiter  spacecraft  weighed  85O  lb  (386  kg),  including  expendable 
propellants,  when  separated  from  its  latmch  vehicle,  the  Atlas  SLV-3 A/Agena. 

The  following  paragraphs  describe  the  baseline  Liinar  Orbiter  spacecraft  sub- 
systems, and  the  general  configuration  of  Lunar  Orbiter  and  spacecraft  features 
are  shown  in  Fig.  3-10. 
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STRUCTURES  & 
14ECHARISMS 


WT . = ll4l  LB 

REL.  = .998 


WT.  = 199  LB** 
REL.  = .998 


WT.  = 716  LB 
REL.  = .842 


WT.  = 456  LB 
REL.  = .868 


WT . = 1232  LB 

REL.  = .890 


WT . = 100  LB 
REL.  = .999 


* Hardware  comprises  V-band  Separation  Clamp  (16  lb)  and  OAO/Centaur  Adapter  Cone  (75  lb). 

Reliability  product  includes  these  functional  elements  plus  the  exit  fairing  jettison  function, 

**  Includes  66  lb  of  Rg  expendable.  1 lb  = 0.4536  kg 


Eig.  3-9  Reliability  & Weight  Apportionment  - Baseline  OAO-B 
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MISSION; 


* ^ f *4/ • I ' * * ^j»  JH  N 


^ jr  4/t  j* 

^^’'7  '*/(!Of  '* 

>i. 


ERIMARY  - BICtH-RESOLNTION  PtlOTOGRAHff  OF 
APOLLO  LANDING  SITES 

SECONDARY  - PROVIDE  PHOTOGRAPHS  FOE 
LONAE  AOLAS 

- MEASURE  MOON’S  GRAVITATIONAL 
FIELDS 

EXPERIMESWS:  HIGH-BESOLOTION  CAMERA 

MEDIUM-RESOLUTION  •WIDE-ANGLE 
CAMERA 

ON-BOARD  FILM  PROCESSOR 
CHARACTERISTICS; 

WEIGHT:  850  LB 

DIMENSIONS ; 5 FT  DIA.  x 5.?  FT  LONG  (STOWED) 

18  FT  O'VER  ANTENNAS 
12.2  FT  OVER  EXTENDED 
SOLAR  ARRAYS 

INITIAL  110  X 1000  NM  LOWERING  TO 
ORBIT:  25  NM  EERILUNE  (3.5  HR  PERIOD) 

ACTIVE  30  DAYS 
LIFBII14E: 

BOEING  COMPANY  (ASSOCIATES  AND 
SUBS;  KODAK j RCA,  GENERAL 
DYNAMICS,  LMSC) 

CUSTOMER;  NASA/LANGLEY 

LA-UNCH  VEHICLE;  ATLAS  (SLV-3A)/AGENA 


CONTRACTOR; 


1 11  = 0.4536  kg 
1 rrni  = 1.852  fern 


COST;  $150  MILLION  (APPROX.) 

SPACECRAFT  & GSE  FOR  5 FLIGHT 
ARTICLES  + 3 GROUND  TEST  ART. 
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3 .2 .3 -2  Mission  Description  - The  primary  objective  of  the  Lunar  Orbiter  mis- 
sion was  to  obtain  higi  resolution  photography  of  the  prospective  Apollo  manned 
lunar  landing  sites.  The  secondary  mission  objective  was  to  provide  photograph- 
ic data  of  the  entire  liznar  surface  to  be  used  in  preparing  a detailed  lunar 
atlas,  A description  of  the  lunar  orbit  mission  sequence  is  as  followsr 


following  injection  into  translunar  orbit  and  launch  vehicle  separation,  the 
spacecraft  is  oriented  to  the  sun  and  solar  arrays  and  antennas  are  extended. 
After  DSIP  measurement  of  injection  errors,  a midcourse  maneuver  is  commanded 
and  executed.  Upon  lunar  arrival,  the  spacecraft  is  commanded  to  reorient  and 
brake  into  an  initial  orbit  with  apolune  altitude  of  998  nm  (l8Uo  ton)  and  ec- 
centricity 0.287.  After  tracking  and  determining  the  orbit  elements,  perilune 
is  lowered  to  2k  nm  (4.4  ton)  by  propulsive  braking  and  the  final  lunar  orbit 
with  a period  of  3.4?  hrs  and  eccentricity  of  O.338  is  attained.  During  coast 
operation  the  spacecraft  is  oriented  with  the  roll  axis  pointed  at  the  sun  for 
maximum  solar  incidence  angle.  For  photo  operations,  the  spacecraft  is  re- 
oriented with  the  camera  axis  pointed  at  the  area  of  interest,  A V/H  sensor 
measures  drift  and  commands  IMG  and  yaw.  Photography  commences  upon  command. 
The  medium  resolution  camera  photographs  an  area  of  31,6  by  37.4  km  and,  sim- 
ultaneously, the  high  resolution  camera  photographs  an  area  of  16.6  by  4.15  km 
with  the  same  center  point . The  exposed  film  passes  through  a processor  dryer 
where  it  meets  Bimat  web  that  provides  development  and  fixing  chemicals . The 
film  is  dried  and  stored  on  a readout  looper.  Processing  time  is  about  5 min 
per  complete  frame.  Film  passes  next  throu^  the  readout  scanner  and  is  stored 
on  the  takeup  reel.  After  completion  of  all  photography,  the  Bimat  web  is  cut 
and  the  film  is  rerun  through  the  scanner  for  readout. 


3 ,2.3 -3  Subsystem  Descriptions , The  principal  subsystems  comprising  the  Limar 
Orbit  baseline’  payload  are  as  follows: 


Adapter  - The  spacecraft  lower  (equipment  mounting)  deck  is  attached  to  the 
launch  vehicle  payload  adapter  by  a V-band  clamp.  During  ascent,  the  payload 
is  protected  by  an  aerodynamic  fairing.  Upon  final  burnout,  the  Agena  commands 
pyrotechnics  to  fire  and  open  the  V-band  clamp.  Separation  is  effected  by 
springs . 
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Experiments  - The  primary  e3iperiment  is  the  Eastman-Kodak  Photographic  payload. 
This  camera  system,  developed  from  an  earlier  operational  system,  is  housed  in 
a pressurized,  temperature  controlled  housing.  The  system  includes  a dual  lens 
camera  with  hi^  and  medixim  resolution  lenses,  image  motion  compensation  con- 
trolled by  a V/H  sensor  (which  also  controls  spacecraft  yaw  during  photography) , 
a Bimat  processor  dryer,  an  optical -mechanical  scanner  with  video  readout.  Bi- 
mat and  film,  and  film  transport.  The  system  is  capable  of  imaging  a total  of 
194  frames  of  both  high  (l  m)  and  medium  resolution  photography.  Secondary  ex- 
periments include  micrometeorite  detectors  and  radiation  monitors. 

Structiore  and  Mechanisms  - The  structure  consists  of  the  equipment  mounting 
deck,  tank  deck  and  engine  decks  supported  by  trusses  and  arches.  During  as- 
cent, solar  arrays  and  antenna  booms  are  folded:  following  separation,  they 

are  deployed . 

Electrical  Power  Subsystem  - Primary  power  is  provided  by  fovir  solar  panels  of 
2 2 

.of  13.1  ft  (1.2  m ) each  which  provide  87.5  watts  each.  A secondary  NiCad 
batteiy  provides  power  during  solar  occultation.  Regulators  and  controllers 
protect  the  spacecraft  and  the  electrical  subsystem  from  fluctuations,  and  the 
battery  from  overcharge. 

i 

Guidance  and  Navigation  (Stabilization  and  Control)  Subsystem  - Spacecraft  at- 
titude reference  is  provided  by  a Canopus  star  tracker  and  sun  sensors.  An 
inertial  reference  unit  maintains  control  when  these  references  are  furnished 
to  the  Attitude  Control  and  Propulsion  subsystems.  The  S&C  subsystem  includes 
the  Flight  Control  Electronics  Unit  which  sets  deadband  gains,  conditions  and 
routes  signals.  The  subsystem  includes  a digital  programmer  which  stores  pre- 
commanded sequences  and  operations  which  are  executed  by  time.  Commands  in- 
clude attitude  changes,  velocity  changes,  camera  operation  and  data  readout. 

Propulsion  and  Attitude  Control  - Velocity  control  is  provided  by  a 100  Ibf . 

(44-5  newtons  thrust)  liquid  bipropellant  (U^Cij^/Aerozine  ^O) , hypergolicly  ig- 
nited, pressure  fed, engine.  Propellants  are  stored  in  tanks  mounted  below  the 

I • f 

engine  and  are  provided  i;o  the  engine  upon  command  by  Ng  pressurized  bladders . 
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Valves  and  regulators  are  provided  to  control  pressurant  flow  and  isolate  the 
system  from 'the  attitude  control  subsystem  which  uses  the  same  supply.  Dur- 
ing engine  firing,  pitch  and  yaw  control  are  provided  by  gimballing  the  engine. 
The  system  is  capable  of  providing  a total  of  978  m/sec  for  midcourse  correc- 
tion, lunar  orbit  injection  and  orbit  adjustment.  The  spacecraft  is  three-axis 
stabilized  by  N2  reaction  thrusters  during  coast  and  orbit  operations . The  at- 
titude control  subsystem  also  provides  roll  control  during  engine  firing.  An 
ITg  taiak;  stores  l4.7  lb  (6.7  kg)  of  dry  which  is  regulated  to  20  psi  (13.79O 
newtons/m^)  and  is  provided  to  the  thrusters  upon  command  of  the  G&H  subsystem. 

Communications,  Data  Processing,  and  Instrumentation  Subsystem  - The  CDP&I  sub- 
system consists  of  two  major  packages.  Package  A,  developed  by  RCA,  includes 
the  high  gain  antenna  for  video  data  transmission,  an  antenna  pointing  control 
unit,  a modulation  selector  which  selects  the  data  mode,  a comraand  decoder  and 
transponder  for  providing  tracking  data  and  receiving  commands  from  earth,  and 
a 10  watt  traveling  wave  tube  amplifier  for  amplifying  video  data  for  trans- 
mission. 

Package  E includes  a low  gain  antenna  for  status  data  transmission,  a PCM  tele- 
metry multiplexer/ encoder,  signal  conditioners  and  transducers. 

Environmental  Control  Subsystem  - The  spacecraft  is  enclosed  in  a mylar  ther- 
mal barrier  with  a port  for  the  Canopus  Star  Tracker  and  a.c^era  thermal  door. 
The  engine  deck  is  isolated  from  the  spacecraft  interior  by  an  insulated  heat 
shield.  The  Equipment  Mounting  Deck  (EMD)  , which  is  normally  oriented  towards 
the  sun,  has  a hi^  emittance  coating.  Tank  heaters  are  provided.  The  Photo- 
graphic Subsystem  has  its  o^ra.  environmental  control  and  radiates  excess  heat 
to  the  EMD  radiating  surface. 

A major  cost  element  of  the  Lunar  Orbiter  program  was  for  the  ground  operations 
equipment  and  support . An  extensive  ground  data  receiving  and  recording  system 
was  installed  in  the  EASA  Space  Plight  Operations  Center  (SPOF)  and  the  Deep 
Space  Instrumentation  Facility  (DSIF)  for  handling  received  photo  data  and  for 
commanding  and  controlling  the  spacecraft. 
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3- 2. 3. 4 Liinar  Orbit er  Cost  Data  - The  Limar  Orbit er  historical  cost  data  were 
compiled  from  MSA  #533  forms  obtained  from  The  Boeing  Company,  which  included 
the  complete  costs  for  the  Boeing  portion  of  the  Lunar  Orbiter  effort  as  well 
as  the  Eastman  Kodak  subcontract  for  the  photo  subsystem  and  the  RCA  work  in 
the  power  and  CDPI  areas . The  Lockheed  costs  associated  with  the  Lunar  Orbiter 
adapters,  which  were  QBE  to  Boeing,  were  obtained  from  the  LMSC  accounting 
records . 

The  MSA  #533  form  data  does  not  provide  a split  of  non-recurring  and  recurring 
costs;  costs  are  accumulated  under  categories  of  engineering,  production,  de- 
velopmental, etc.,  labor,  material,  purchased  parts,  and  overhead  type  accounts 
The  split  of  EBT&E  and  unit  hardware  costs  was  performed  by  LMSC.  The  data  pro 
vided  a cost  breakdown  by  major  coD^jonents,  subsystems,  and  support  categories, 
and  the  contractor  responsible  for  the  portion  of  work. 

The  apportionment  of  Eastman  Kodak  (EKC)  effort  was  guided  by  percentages  of 
non-recurring  and  recurring  costs  by  major  cost  category  such  as  payload  hard- 
ware, GSE,  STE  & Tooling,  and  Program  Management  supplied  by  Eastman  Kodak. 

EKC  also  advised  on  the  allocation  of  operating  costs  and  elimination  from  the 
totals  of  most  of  the  additional  $2.0M  EKC  subcontract,  which  was  primarily 
for  additional  copies  of  the  1-unar  surface  photographs  and  not  part  of  the 
original  mission  costs.  The  operating  costs  for  this  subsystem  are  quite  hi^ 
due  to  the  ground  support  effort  required  in  terms  of  equipment  lease  and  per- 
sonnel for  the  photo  transmission  operations. 

The  Boeing  and  RCA  Lunar  Orbiter  costs  were  apportioned  into  recurring  and  non- 
recurring categories  using  in-house  subsystem  CERs  as  a guide  to  expected  total 
subsystem  cost  magnitude.  The  actual  apportionment  of  non-recurring  and  re- 
curring costs  was  done  by  subsystem  and  component  by  allocating  such  categor- 
ies as  developmental  effort  and  tooling  to  RIT&E.  The  purchased  parts  and 
production  costs  were  charged  to  recurring  cost.  The  engineering  and  QA  were 
split  using  judgment  and  knowledge  of  the  type  of  effort  involved  3n  the  par- 
ticular subsystem  development  or  procurement.  The  overhead  accounts  were  al- 

1 

located  in  approximate  proportion  to  the  non-recurrlng/recurring  split  obtained 
fi*om  above  allocations, 
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The  subcontractors  fees  -were  included  in  the  Lunar  Orbiter  baseline  costs,  but 
the  Boeing  and  Lockheed  fees  are  excluded  to  maintain  consistency  with  other 
payload  data  in  this  study. 

The  apportioned  major  component  costs  were  then  summarized  into  subsystems  in 
accordance  with  the "Payload  Effects  Study  subsystem  breakdown.  The  remaining 
non-subsystem  associated  non-recurring  costs  such  as  test  program,  sustaining 
engineering,  and  integration  costs  were  prorated  to  each  subsystem  based  on 
the  magnitude  of  cost  in  the  subsystem  and  tabulated  under  the  S/C  Integration 
and  Test  category  in  Eig.  3-11.  This  category  also  includes  costs  already 
identified  by  subsystem  in  addition  to  the  prorated  costs.  The  GSE  cost  was 
identified  in  all  but  the  Gmdanee,  Propulsion,  and  Structures  subsystems. 

Thus,  these  include  prorated  GSE  costs.  The  Program  Management  category  in- 
cludes Identifiable  costs  from  the  subcontractor’s,  as  well  as  prorated  Boeing 
program  management  by  subsystem. 

The  EDT&E  unallocated  costs  consist  of  mission  computer  programs,  launch  oper- 
ations and  flight  operations  planning,  and  miscellaneous  small-  categories  which 
were  not  allocated  hy  subsystem. 

The  recurring  hardware  costs  include  allocated  program  management  cost  on  basis 
of  subsystem  hardware  cost. 

The  operations  costs  .were  built  up  by  subsystem  from  identifiable  subcontrac- 
tor's cost  categories  and  the  allocation  of  logistics,  launch  operations,  fli^t 
operations,  program  management,  and  sustaining  engineering  on  basis  of  subsys- 
tem unit  hardware  costs.  The  unallocated  operations  costs  include  mission  com- 
puter programs  and  miscellaneous  support  costs  which  were  not  allocated. 

The  apportioned  Lunar  Orbiter  costs  were  checked  for  completeness  and  converted 
to  the  1970  dollar  base.  The  apportioned  Ltmar  Orbiter  cost  data  in  1970  dol- 
lars are  shown  in  Eig.  ‘3“H»  , 
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PAYLOAD;  LIMAS  OBBITER  - BASELIHE  (BEFEBENGE)  MISSION;  LIMAS  OBBIP 

($  IM  THODSAHDS)  - 1970  $ 


COST 

CATEGORY 

SUBSYSTEM 

NON-RECURRING  COSTS 

RECURRING  COSTS 

TOTAL 

PROGRAM 

COST 

HARDWA] 

RE  OPERATIONS 

DEVEL. 

GSE 

PROG. 

MGMT. 

TOTAL 

AVE. 

UNIT 

TOTAL 

AVE. 

UNIT 

TOTAL 

PAYLOAD  ASSY, 

AND  integration''-^^ 

5 

480.5 

2402.8 

540.6 

2702.6 

10,852.0 

EXPERIMENTS  & ICISSION 
PECULIAR  EQUIPMENT 

24979.3 

7451 .1 

4i48.6 

2139.9 

38718.9 

? 

2048.3 

10241.3 

1460.3 

7301.8 

56,262.0 

STRUCTURES  AND  / x 
MECHANISMS 

2578.9 

921.7 

2087.7 

207.9 

5796.2 

5 

1318.0 

6590.0 

294.9 

1474.5 

13.860.7 

ELECTRICAL  AND 

pyrotechnigs 

4314.2 

1708.4 

2039.9 

1539.1 

9601.6 

? 

1262.6 

6313  .1 

613.0 

3065.1 

18,979.8 

GUIDANCE,  NAVIGATION, 
STABILIZATION  & GOIT . 

3605.9 

44o9.2 

4290.4 

665.7 

12971.2 

5 

2393.2 

LI966 .1 

872.7 

4363 .3 

29,300.6 

PROPULSION 
ATTITUDE  CONTROL 

2148.5 

1634.0 

2034.0 

314,6 

6131.1 

5 

789.0 

3945.0 

289.6 

1447.8 

11^523^  . 

560.5 

siosT? 

508.5 

79.8 

1557.2 

5 

”115.^ 

576.9 

4iT5 

212.5 

2“^676 

TELEMETRY,  TRACKING 
AND  COMMAND 

8191.8 

9752.8 

2767 .9 

1642.3 

22354.6 

5 

2151 .3 

LO756 .7 

965.1 

4825.7 

37,937.2 

ENVIRONMENTAL 

CONTROL 

55.0 

45.0 

5.0 

105.0 

5 

16.5 

82.5 

5.0 

25.0 

212.5 

SUB- 

TOTALS 

ALLOCATED 

^1095.8 

26285.6 

18861 .1 

6739.9 

102982.4 

5 

10574.8 

52874.1^ 

5083.7 

25418.5 

181,275.3 

NON-ALLOCATED 
TO  SUBSYSTEM  4987.7 

4987.7 

5 

203 .6 

1017.6 

670.1 

3350.6 

9^355.9 

PAYLOAD  TOTAL  (3) 

56083.5 

26285.6 

18861.1 

6739.9 

107970.1 

5 

10778.4 

53892 -C 

5753.8 

28769.1 

190,631.2 

(1)  INCLUDES  COSTS  OP  SHROUD  & ADAPTER 

(2)  INCLUDES  SPACECRAFT  ASSY,  & INTEGRATION  COSTS 

(3)  EXCLUDES  FEE  AND  NASA  PROGRAM  MANAGEMENT 


Fig.  3-11  PROGRAM  COST  APPORTIONMENT  - LUNAR  ORBITER  (LUNAR  ORBIT  MISSION) 
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3. 2. 3. 5 Itunar  Orblter  ¥eiglit  and  Reliability  Data.  The  Boeing  Gonrpany  reli 
'bxli’fcy  ntimbers  for  -the  principal  components  and  subsystems  of  the  Limar  Orbl 
were  carefully  anaiyzed  and  are  summarized  in  Pig.  3-T2. 

3. 2. if-  Small  Research  Satellite  (SRS)  Baseline  Data 

3. 2. 4.1  General  Description.  The  Small  Research  Satellite  (SRS)  was  develc 
by  LMSC  as  a subsatellite  to  be  orbitally  launched  by  the  Agena  spacecraft. 
The  SRS  was  created  during  several  classified  contracts  to  satisfy  a need  of 
secondary  experimenters  whose  requirements  were  limited  by  those  Imposed  by 
the  primary  host  carrier  spacecraft , A's  a separable  autonomous  subsatellite 
it  can  operate  totally  independent  of  the  host  offering  the  experimenter  con 
plete  freedom  of  operation.  The  sole  restrictions  that  are  imposed  upon  the 
spacecraft  hy  the  host  vehicle  are  that  it  must  constrain  itself  to  the  weig 
and  volume  envelope  provided  by  the  host  and  that  it  will  not  interfere  witl 
or  endanger  the  primary  carrier.  In  size,  wei^t,  capability,  cost,  and  eon 
plexity  it  is  quite  similar  to  several  small  MSA  satellites  .such  as  Explore 
and  Pioneer  and  its  primary  experiments  have  fallen  into  the  generic  classi- 
fication of  Space  Physics  and  Applications.  The  maximum  wei^t  permissible, 
including  optional  equipment,  experiments  and  launch  vehicle  interface  equi] 
ment  is  400  lbs  (l82  kg).  Designs  for  using  SRS  as  the  primary  dedicated  p? 
load  for  the  Delta  and  Scout  launch  vehicles  have  been  provided  by  LMSC  to  1 
The  baseline  spacecraft  is  shown  in  Pig.  3-13. 

3. 2. 4. 2 Mission  Description.  The  22  SRS  flights  to  date  have  been  in  polaJ 
orbit.  For  the  baseline  mission  a polar  orbit  at  300  nm  (552  km)  was  selsci 
This  orbit  is  consistent  with  the  requirements  of  the  selected  Space  PhysiC! 
experiment  (HTGLO)  and  with  the  nominal  requirement  of  6 month's  fli^t  dur< 
tion.  A typical  program  of  2 years'  continuous  observation  is  planned. 

3. 2. 4. 3 Subsystem  Description.  The  SRS  subsystems  for  the  accomplishment  c 
the  HE(3L0  mission  are  stunraarized  belowr 
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* Includes  Adapter  which  remains  with  the  injection  stage.  1 Ih  - 0.4536  kg 

■5^  Includes  Propellants,  Residuals  and  Gases  equal  to  277*^3  Ihs. 


Pig.  3-12  Baseline  Lunar  Orhiter  (Lunar  Orbit  Mission)  - Reliability  8s  Weight 
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MISSION:  SUB -SATELLITE  LAUNCHED  FROM  AGENA  SPACE- 

CRAFT INTO  AN  INDEPENDENT  ORBIT,  USING 
INTEGRAL  PROPULSION. 


\ 

-3 3U,5  X 3U.5 


BASIC  SPACE  RESEARCH  EXPERIMENT  CARRIER. 
ALTERNATE  APPLICATION  AS  ENGINEERING  EX- 
PERIMENT CARRIER  FOR  COMMUNICATIONS  AND 
, PROPULSION  EXPERIMENTS. 

EXPSRI- 

MNTS:  HIGLO,  see  Fig.  3-1^ 


CHARACTERISTICS: 

WEIGHT:  202  LB  BASIC 

49  LB  EXPERIMENTS  (VARIABLE  WITH  MISSION 

UP  TO  100  LB . ) 

251  TYPICAL  TOTAL 

DIMEN-  34.5  X:  34.5  x 13. 9 BASIC  ENVELOPE 
SIONS:  (STOWED) (SOLAR  ARRAYS  5e  EXTENDABLE 

BOOMS  INCREASE  THE  13. 9 DIMENSION) 

ACTIVE  LIFETIME:  1.5  YRS  + WITH  VARIOUS  ORBITS 

CONTRACTOR:  LOCKHEED  MISSILES  & SPACE  COMPANY 


APPROX.  AVG.  UNIT  COST  $1.3  MILLIOK 
(EXCLUDING  EXPERIMENTS) 

ATLAS  SLV-3A  OR  THORAD  WITH  AGENA 
PRIMARY  ALTERNATES  INCLUDE  DELTA 
AND  SCOUT  . ■ 


1113  = 0.4536  kg 
1 in  = 0.0254  m 


COST: 

LAUNCH 

VEHICLE: 


Fig.  3-13  SMALL  RESEARCH  SATELLITE  (LMSC  P-11  SUB-SATELLITE) 
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Adapter  - The  SRS  system  for  subsatellite  launch  consists  of  a shear  panel 
which  is  mounted  on  the  aft  rack  of  the  Agena  spacecraft.  The  shear  panel  in- 
cludes all  electrical  interfaces  with  the  host.  Prior  to  latinch,  the  shear 
panel  is  extended  90°  to  the  longitudinal  axis  of  the  host  while  the  host  main- 
tains attitude  stability.  The  SRS  separates,  spins  up  and  the  transfer  rocket 
fires . In  the  dedicated  mode,  the  SRS  is  mounted  directly  atop  the  launch 
vehicle  and  is  separated  following  terminal  stage  firing. 

Experiments  - Due  to  the  fact  that  all  P-11  experiments  that  had  actually  flown 
were  of  a classified  nattire  it  was  necessary  to  define  a set  of  suitable  and 
representative  e25)eriments  for  the  baseline  SRS  payload  for  use  during  the 
study . 

An  existing  experiment  package  HIGLO  which  flew  on  USAF  OV-I-I8  fulfilled  all 
of  the  above  requirements  and  since  it  was  developed  at  LMSC  its  design  and 
cost  data  were  readily  available.  This  package  was  selected  as  the  baseline 
for  the  SRS.  The  HIGLO  consisted  of  12  sensors  and  supporting  equipment. 
Changes  from  OV  to  SRS  would  include  addition  of  a 3-axis  fluxgate  magneto- 
meter and  the  provision  of  attitude  reference  data  by  an  earth  sensor.  The 
earth  sensor  is  a unit  of  the  basic  SRS  equipment  and  is  needed  to  attitude 
reference  the  sensor  data.  The  individual  sensors  and  components  of  HEGDO  are 
shown  in  Eig.  3-1^. 

Structures  and  Mechanisms  - The  SRS  has  a simple  three-bay  structure  which  has 
been  contoured  to  fit  the  aft  rack  of  the  Agena  with  adequate  clearance  between 
itself  and  the  interstage  to  the  lovyer  propulsive  stage.  The  center  hay  con- 
tains the -solid  rocket  propulsion  in  the  middle  and  basic  spacecraft  units  such 
as  TT&C  and  power  subsystem  components  in  both  ends.  The  outer  bays  (wings) 

are  reserved  for  mounting  experiments  and  for  supporting  the  solar  panels.  The 

o o 

total  volume  available  in  the  wings,  for  experiments  is  3*5  ft^  (O.O99  m ) . 

Electrical  - Primary  power  for  SRS  is  provided  by  extendable  solar  arrays.  A 
secondary  RiCad  battery  provides  power  during  ni^ttlme  and  supplements  the 
array  power  during  peak  power  demand  periods . . The  nominal  system  is  capable 
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AEPA  Exi)eriment  ITo.  8I9  HIGLO  Investigation  of  Horizontal  Ion  Density  Gradients  in  Lower  Atmosphere 

Principal  Investigators:  G.  W.  Sharp  and  R.  G.  Johnson,  LMSC 

Plight  Date:  3/17/69,  = 362  nm,  Period  = 95  mins,  Incl.  98.8° 

Experiment  Summary 


Exp.  # 

Experiment  Name 

Wt(lbs) 

Pwr  ,Avg. 

Dim. 

Vol(in^) 

Remarks 

-1 

Ion  Energy  Analyzer  (4) 

4.7  lbs 

5.2 

5x5x3 

75 

4 sensors 

-2 

Epithermal  Electron  Analyzers  (3) 

5.5  lbs 

4.8 

6. 2x4, 9 
x4 

121.5 

3 sensors 

-3 

Cyl,  Langmuir  Probe 

2.0  lbs 

3 

7x4 . 5x2 

63 

incl  15"  probe 

-4 

Electrostatic  Analyzer 

5.9  lt>s 

2.3, 

6x7 . 5x7 

315 

3 sensors  at  diff. 

angles 

-5 

Multichannel  Particle  Analyzer 

2.6  lbs 

I 

6x3. 3x5 

99 

-6 

Multichannel  Particle  Analyzer 

2.8  lbs 

1 

6x3 .3x5 

99 

-7 

Multichannel  Particle  Analyzer 

2,2  lbs 

I 

6x3. 3x5 

99 

-8 

Proton  Hydrogen  Analyzer 

2.9  lbs 

0.9 

6x4x6 

l44 

-9 

Total  Energy  Proton  Sensors  (2) 

3.3  lbs 

0.8- 

1.4 

3.2 

(2)  10x3 

60 

2 sensors 

-10 

Angular  Distribution  Instruments 
(3)  plus  power  supply 

6.3  lbs 

3x3x11  (3)  129 
3x2x5 

3 sensors  and .pwr. 

supp. 

-11 

Penetrating  Radiation  Monitor 

5.9  IDs 

2.6 

4x2x4. 5 

36 

-13 

Electric  Field  Probe 

2.6  lbs 

1.3 

2x4x5. 5 

44 

-15 

3 Axis  Magnetometer  (Flux  gate) 

0.6  lbs 

1 

3"xl" 

dia. 

9 in 

0.01  gauss  resolution 

-12 

Calibration  & Interface  Box 

1 lb 

0.3 

3x3x3. 5 

31,5 

support  equipment 

-14 

Data  Mode  Box 

1 lb 

1.1 

4x2. 6x1, 6 16.7 

49.3  lbs 

30.1  watts 

1341 .7  in3 

Other  data:  I96  prime  meas.  at  1 sps  (196  bps)  or  4o  sps  (20  kbps)  11  subcomm  at  l/64  sps,  13  discrete  cmds 
2 hr.  readin  capacity  on  tape  recorder  7.5  min  readout.  Desired  Op  Temp  Exp  1&2  TO^F,  3-13  59-85°F.  Heed 
to  know  pointing  direction  with  respect  to  velocity  vectors. 

1 nm  = 1.854  km  Fig.  3-14  EXPERIMENT  DATA  SHEET 

1 lb  = 0.4536  kg 
1 in,  = 0.0254  m 
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of  providing  ^00  w-hr/day  (l, 800, 000  j/day)  to  the  entire  payload.  The  space- 
craft requires  1%  w-hrs  (562.OOO  J/day)  leaving  3^  w-hrs  (1,238,000  J/day) 
available  to  the  experiments. 

Guidance,  Uavigatlon  and  Stabilization  - The  baseline  SRS  is  passively  spin- 
stabilized  at  6o  to  85  RIM.  Initial  spin  is  provided  by  two  small  solid  rock- 
ets. A nutation  damper  in  the  form  of  a mercury  tube,  is  provided.  Attitude 
reference  is  provided  by  an  infra-red  earth  sensor.  Alternate  stabilization 
systems  including  active  control  spin  stabilization  and  three  axis  gravity 
gradient  or  wheel  stabilization  have  been  designed  for  SRS,  however  for  this 
study  only  the  passive  system  was  considered. 

Propulsion  and  Attitude  Control  - The  SRS  can  be  configured  with  several  dif- 
ferent combinations  of  solid  rockets  for  propelling  it  to  various  secondary 
orbits.  In  the  baseline,  two  rockets  are  provided  for  initial  orbit  transfer 
and  for  circularization  into  the  final  orbit. 

Command,  Data  Processing,  and  Instrumentation  - As  with  the  other  subsystems, 
SRS'  CDPI  system  is  available  in  a number  of  options  dependent  upon  user  re- 
quirements. The  baseline  system  consists  of  YHF  PM/PM  telemetry,  onboard  tape 
recorders  and  a tone-digital  command  system.  A primary  timer  provides  for 
system  sequencing.  Alternate  configurations  include  UHF  S-Band  Telemetry,  PCM 
Telemetry  and  digital  command  systems  with  various  antenna  configurations. 

Environmental  Control  - The  SRS  is  passively  thermally  controlled  through  use 
of  thermal  shields,  optical  solar  reflectors  and  paint.  Supplemental  control, 
such  as  heaters  can  be  provided  if  required, 

3. 2. 4. 4 SRS  Cost  Bata.  Recurring  costs  for  the  SRS  were  derived  by  recasting 
existing  cost  data  on  the  Lockheed  P-11  subsatellite  into  a format  compatible 
with  this,  study,  using  a bottom-up  cost  estimating  methodology.  Historical 
data  on  the  calendar  year  1968  unit  costs  of  a P-11  configuration  similar  to 
the  SRS  were  used  as  the  basis  for  this  bottcm-up  estimate.  These  data,  pro- 
vided hy  the  P-11  Project  Office,  comprised  the  following: 
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® Material,  subcontract  and  manpower  expenditures  for  hardware  down  to 
the  component  and  major  assembly  levels. 

® Manpower  expenditures  for  assembly,  test,  integration,  sustaining 
engineering,  and  program  management  at  the  subsystem  and  system 
levels  i 

® Manpower  expenditures  for  the  launch  and  mission  operations  phases 
of  the  program. 

Using  these  cost  inputs,  the  recurring- cost  estimate  was  generated  by  applying 
the  given  numbers  against  a Work  Breakdown  Structure  tailored  to  the  SRS  con- 
figuration. To  normalize  these  costs  from  the  I968  levels  supplied  by  the 
Project  Office  to  l^TO  values,  the  appropriate  aero space -industry  inflation 
factors  were  applied. 

With  respect  to  nonrecurring  costs  for  the  SRS^  no  appropriate  historical ’data 
were  available  because  of  security  restrictions  imposed  by  the  using  programs, 
and  also  because  of  the  incremental  step-function  type  development  in  which 
the  SRS  has  evolved.  Therefore  it  was  necessary  to  formulate  a representative 
SRS  nonrecurring  cost  by  analysis.  This  was  done  by  applying  parametric  cost- 
ing techniques  to  the  technical  characteristics  of  the  SRS  configuration.  Un- 
manned-spacecraft Cost  Estimating  Relationships  were  used  with  SRS  subsystems 
definitions  to  generate  subsystem  level  nonrecurring  costs;  these  were  then 
summed  to  obtain  an  overall  SRS  nonrecurring  cost  estimate.  Particular  judg- 
ment'Was  exercised  in  applying  the  CERs  to  account  for  the  peculiarities  of 
the  P-11  program,  such  as  minimum  documentation  and  experimental-shop  manufac- 
turing procedures.  The  final  data  resulting  from  this  procedure  were  approved 
by  the  P-11  Program  Office  as  representative  of  the  SRS  non-recurring  cost. 

The  HIGLO  experiments  were  costed  using  actual  cost  data. 

Pinally,  to  achieve  a greater  distribution  of  costs  to  the  subsystems,  certain 
of  the.  costs  accrued  at  system  level,  such  as  program  management  and  systems 
engineering,  were  prorated  against,  subsystems . - These  allocations  were  made  on 
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a best  judgment  basis,  taJsing  into  account  the  relative  weighting  of  these 
functions  for  each  subsystem.  The  baseline  costs  of  the  SRS  vehicle  derived 
in  this  way  are  listed  in  Fig.  3-15. 

3. 2. if. 5 SRS  Weipdit  and  Reliability  Estimates.  The  summary  of  subsystem,  pay- 
load, and  payload  system  wei^ts  and  reliabilities  on  the  SRS  are  tabulated  in 
Fig.  3-16.  The  hardware  represented  in  the  Adapter  is  the  Shear  Panel  Assem- 
bly which  acts  as  a launch  platform  for  the  baseline  SRS  (mounted  on  the  aft 
equipment  rack  of  an  Agena  upper  stage).  The  250.8  lb  (II3.8  kg)  and  a relia- 
bility of  0.556  represents  the  payload  as  it  is  separated  into  its  interim 
orbit . 

3.3  analysis  eevisioit  aid  update  of  baselies  paiload  data 


Following  the  initial  selection  of  the  OAO-B,  Lunar  Orbit er  and  SRS  as  baseline 
payloads,  reexamination  of  the  payloads  with  the  view  of  correlating  to  the  MSA 
mission  model  led  to  the  decision  to  synthesize  certain  specific  derivatives  of 
the  baselines.  Within  the  traffic  model,  there' were  no  planned  L-unar  Orbiter 
missions  per  sej  however,  there  were  many  synchronous  equatorial  missions. 
Furthermore,  althou^  there  was  not  a sizable  amount  of  planetary  traffic,  the 
cost  of  planetary  ejsploration  represented  a considerable  portion  of  the  un- 
manned funding  requirements.  Thus,  it  was  decided  to  synthesize  derivatives 
of  the  Lunar  Orbiter  for  these  two  missions.  Of  primary  importance  was  the 
Synchronous  Equatorial  Orbiter  (SEO)  derivative  of  Lunar  Orbiter;  while,  of 
secondary  importance  was  the  Mars  Orbiter  (MO)  . The  one-year  SEO  and  the  MO 
baselines  were  readily  derived  from  the  Lunar  Orbiter  and  were  used  during  the 
parametric  analyses.  Descriptions  of  the  synthesization  of  these  payloads  are 
contained  in  this  section. 

Following  completion  of  the  parametric  analyses,  MSA  and  Aerospace  requested 
that  the  one-year  SEO  be  modified  to  a two-year  configuration  in  order  to  pro- 
vide better  correlation  with  the  traffic  model.  Changes  to  the  one-year  con- 
figuration required  for  a two-year  mission  are  also  discussed. 

3-ii-2 


LOCKHEED  MISSILES  Gt  SPACE  .COMPANY 


PAILOAD 


SRS 


BASEL IHE 


MISSION:  EARTH  ORBIT 


($  IN  MILLIONS  - 1970  $) 


COST 

CATEGORY 

SUBSYSTEM 

DEVEL 

PAYLOAD  ASSY.  AND 
INTEGRATION 

■ 

EXPERIMENTS  AND  MISSION 
PECULIAR  EQUIPMENT 

.36 

STRUCTURES  AND 
MECHANISMS 

.92 

ELECTRICAL  AND 
PYROTECHNICS 

2.08 

GUIDANCE,  NAVIGATION, 
STABIL.,  AND  CONTROL 

.09 

PROPULSION  AND 
ATTITUDE  CONTROL 

.45 

TELEMETRY,  TRACKING, 
AND  COMMAND 

2.60 

ENVIRONMENTAL  CONTROL 

.15 

SUB 

ALLOCATED 

7.54 

TOTAL 

NON-ALLOCATED 
TO  SUBSYSTEM 

PAYLOAD 

TOTAL 

1 

8.28 

NON  ~ RECURRING  COSTS 


S/C  INT.  PROG. 

GSE  & TEST  MGMT.  TOTAL 


RECUERING  COSTS 


HARDWARE  OPERATIONS 


AVE. 

QTY.  UNIT  TOTAL 


.32  ! 

.11 

.44 

.28  ^ 

.02 

.08 

1.36 

.02 

.08 

.43  1.72 


.02  .08 


1 .16 

4.64 

.23 

.92 

1.39 

5.56 

1 

TOTAL 

PROGRAM 

COST 


.23 


13.79 


1.66 


15.45 


Pig.  3-15  PROGRAM  COST  APPORTIONMENT  - SRS 
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* Weights  include  29  Ih  of  solid  propellant  (for  orbit  positioning  motors) 

(Note:  All  reliability  numbers  based  on  probability  of  6 month  operation  1 lb  = 0.4536  kg 

at  50^  confidence  level.) 


Fig,  3-i6  EaiABZLITr  AHD  WEIGHT  API^RTIOIMEIIIT 

BASELINE  SRS  - ALTEENATE  1 (YHP-EIXED  SPIN  AXIS) 
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The  SRS  baseline  was  considered,  to  be  a typical  inexpensive^  space  physics  pay- 
load;  however,  examination  of  the  traffic  model  indicated  that,  with  minor 

i 

modifications,  the  SRS  ccfuld  be  redesigned  to  mahe  it  a closer  match  to  planned 
MSA  magnetosphere  payloads . Changes  to  the  SRS  design  for  this  new  mission 
with  revised  wei^t,  cost  and  reliability  data  are  provided  in  Par.  3*3-^- 

Following  the  parametric  analyses,  it  was  agreed  by  MSA  that  there  was  insuf- 
ficient time  to  fully  investigate  the  Mars  Orbiter,  hence  MO  did  not  undergo 
redesign  and  costing.  Thus,  the  final  payload  selections  for  conceptual  low- 
cost  redesign  and  costing  were  the  one-year  OAO-B,  two-year  SEO,  and  the  6- 
month  SRS. 

I 

3.3»1  Synchronous  Equatorial  Orbiter  (One-Year)  Baseline  Data 

3.3 .1.1  General  Description.  The  Synchronous  Equatorial  Orbiter  (SEO)  is  a 
modified  Lunar  Orbiter  spacecraft  that  incorporates  a number  of  fimdamental 
changes  to  the  basic  spacecraft  to  make  it  capable  of  performing  the  synchron- 
ous earth-resources  mission.  The  synthesized  baseline  SEO  is  shown  in  Fig. 

3-17. 

3. 3. 1.2  Mission  Description.  The  objective  of  the  SEO  program  is  to  obtain 
selected  medium  resolution  photographs  and  continuous  low  resolution  imagery 
of  the  earth's  surface  in  the  visible  spectrum.  The  baseline  spacecraft  was 
designed  for  a 1-year  lifetime.  Four  operating  spacecraft  in  orbit  will  as- 

I 

sure  total  earth  coverage.  As  planned,  the  SEO  is  launclied  by  an  Atlas  SLV- 
3A/Agena/Burner  II  into  ssnachronous  equatorial  orbit. 

3. 3. 1.3  Subsystem  Descriptions . The  following  subsystem'  changes  to  the  base- 
line Lunar  Orbiter  were  required  because  of  new  mission  requirements,  differ- 
ing environment  and  extended  life.  In  addition,  certain  components  not  re- 
quired for  the  synchronous  mission  were  deleted.  The  subsystem  changes  are 
shown  in  Fig.  3-l8. 
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Pig.  3-17  Baseline  SEO  Configuration 
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SUBSYSTEM 

DELETE 

CHANGE 

ADD 

Experiment 

© Wide  Angle  Camera  Lens 

® Image  Motion  Compen-  > 
' sat ion 

® Increase  film  qty. 
and  bimat  q.ty. 

® TV  Camera 
® Secondary  Experi- 
ments (from  CDPi) 

Structures  & 
Mechanisms 

0 Insulation 
» Elec,  cabling 

- 

® Array  storage  de- 
vices (from  elec.) 

Environmental 

Control 

0 Insulation  (from 
Struct-ure ) 

Propulsion 

® Total  velocity 
control  system 
(bi -propellant) 

- 

- 

Attitude  Control 
CEp  cold  Kas) 

- 

® Reaction  Control 
Svs.  (from  G&m) 

Electrical 

Power 

- 

- 

® Cables  (from  Struct' 
• Sun  Sensor 
® s/a  Orientation  De- 
vice 

Guidance  & 
Navigation 

® Canopus  Tracker 
® Reaction  Cont.  Sys. 
« IRU 

- 

* Reaction  Wheels 
® Earth  Horiz,  Sensor 
« Polaris  Tracker 

Communications , 
Data  Processing, 
Instrumentation 

* Secondary 
Experiments 

® Increase  TWTA  qty.  , 

• d/a  Converter 
a Tape  Recorder 

Fig.  3~18  Translation  of  Lunar  Orbiter  to  SEO  1-Yr.  Baseline 
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Adapter  - No  changes  were  made  as  the  baseline  laimeh  vehicle  remains  the  same. 

Experiments  - Changes  were  made  to  the  Photo  Payload  to  compensate  for  increased 
lifetime  and  change  in  photographic  altitude.  These  changes  are: 

® low  resolution  (80  ^ optics  and  related  mirrors  were  deleted. 

• Rewind  was  deleted  and  the  readout  scheme  changed. 

• The  V/H  Sensor  was  deleted. 

o The  Optical-Mechanical  Scanner  was  made  standby  redundant. 

0 Pilm  was  changed  to  EK  34o4  and  the  film  web  load  was  quadrupled. 

• Drive  motors  were  made  parallel  redundant, 

0 The  Eimbus  AVCS  was  added  for  low  resolution  TV  coverage. 

The  baseline  Lunar  Orbiter's  primary  payload  was  the  photographic  subsystem 
consisting  of  a hi^  resolution  and  a medium  resolution  lens  system,  a single 
camera  housing,  on-board  film  processor  and  an  optical  mechanical  scanner  and 
readout  system.  The  hi^  resolution  camera  is  capable  of  resolving  1 meter 
from  an  altitude  of  46  hm  at  the  moon. 

At  synchronous  orbit,  the  payload  is  stationary  over  a given  point  on  the  earth's 
surface.  Therefore,  there  is  no  relative  motion  between  it  and  the  earth  and  no 
requirement  for  either  V/H  or  Crab  Attitude  Sensors  and  Controls.  Also,  because 
of  the  long  distance  of  the  sensor  to  the  earth,  only  a long  focal  length  lens 
will  provide  useful  data.  A 9 in.  (0.23  m)  focal  length  lens,  was  chosen  for 
SEO.  The  field  of  view  of  this  lens,  across  the  O.55  m width  .of  the  film, 
covers  one-quarter  of  the  earth’s  equator  from  synchronous  orbit.  A square 
format  was  chosen  with  45°  coverage  into  both  the  northern  and  southern  hemi- 
spheres . Ground  resolution,  based  upon  lens  resolution  of  approximately  80 
lines  per  ^4  is  1.24  nm  (■2.28  km). 

In  order  to  obtain  maximum  photographic  coverage,  photography  will  start  as 
soon  as  a sufficient  portion  of  the  earth's  surface  is  Illuminated.  Approxi- 
mately eighty  percent  of  the  earth's  surface  within  the  camera  field  of  view 
is  illuminated  at  O8OO  hours.  At  16OO  hours,  the  illuminated  portion  of  the 
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earth's  surface  has  again  been  reduced  to  eighty  percent  and  the  Iasi  frame  for 
the  day  is  exposed.  In  addition,  frames  are  ejsposed  at  1000,  1200,  and  l400 
hours  local  time  for  a total  of  five  exposed  frames  per  day.  Since  the  film 
takes  a permanent  set  if  it  sits  on  the  rollers  for  longer  than  8 hours,  and 
permanent  lamination  of  the  Bimat  and  film  occurs  if  they  remain  in  contact 
longer  than  I5  hours,  the  film  will  he  moved  one  complete  frame  at  2400  hours. 
The  film  and  Bimat  consumption  will  he  six  frames  per  day  for  a 'total  of  452 
■ft  (138  m)  for  a one-year  mission.  The  film  and  Bimat  spool  diameters  were 
increased. 

Bimat  storage  is  a problem  because  of  its  limited  storage  life.  The  most  suit- 
able storage  conditions  are  a high  moisture  atmosphere  with  temperature  main- 
tained in  the  0°  to  4.4° C range.  The  Bimat  supply  system  was  redesigned  to 
maintain  these  conditions.  In  order  to  facilitate  the  temperature  control  of 
the  Bimat  supply,  the  Photographic  subsystem  must  be  thermally  isolated  “from 
the  remainder  of  the  spacecraft  and  stabilized  in  the  temperature  range  of 
-6.7°  to  0°C.  Thermostatically  controlled  heaters  are  used  to  maintain  the 
temperature  of  the  Photographic  payload. 

The  rest  of  the  Photographic  subsystem  is  made  up  of  simplified  modifications 
of  the  Lunar  Orbiter  Photographic  Subsystem  components.  A between-the-lens 
shutter  has  been  substituted  for^  the  focal  plane  shutter  to  protect  the  film 
and  platen  from  damage  when  the  sun  is  seen  by  the  camera. 

Another  consideration  influencing  experiment  redesign  is  potential  radiation 
fogging  of  the  film.  For  a one-year  mission  at  the  time  of  a solar  maximum 
(next  period  I979-I980),  the  integrated  proton  dose  would  be  about  100  rads. 
This  would  result  in  a density  increase  in  EK-34o4  film  of  0.48  with  a shield- 
ing thickness  of  0.85”  (27.6  of  aluminum.  This  is  an  acceptable  density  in- 
crease with  minimal  loss  of  resolution.  The  probability  of  this  occurring  is 
1 in  10  in  the  hi^  event  solar  years.  In  the  quiet  sun  years,  the  integrated 
dose  would  be  an  order  of  magnitude  less  at  the  same  probability.  Trapped 
electronc  and  protons  are  not  a problem  at  this  altitude  as  the  environment  is 
essentially  the  interplanetary  medium.  Radiation  is  not  a serious  constraint 
for  this  mission. 
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At  the  suggestion  of  MSA  Headquarters,  a supplemental  TV  type  imaging  device 
is  included  to  increase  the  mission  utility.  The  selected  system  was  the  Him- 
bxis  Advanced  Vidicou  Camera  System  (AVCS)  , This  system  could  he  used  for  broad 
weather  coverage  and  for  identifying  phenomena  for  subsequent  high  resolution 
photography. 

Structures  and  Mechanisms  - Structural  weight  was  increased  to  accommodate  ad- 
ditional experiments,  propellant  and  equipment.  A slight  increase  in  thickness 
of  the  shielding  of  the  film  storage  was  included. 

Environmental  Control  Subsystem  - Ho  significant  changes  were  made  as  the  en- 
vironment is  essentially  the  same  as  that  at  the  moon.  Some  insulation  was 
added. 

Pronulsion  and  Attitude  Control  - Eedundant  cold-gas  system  components  were 
added  to  increase  lifetime.  The  gas  supply  was  increased  by  adding  a second 
Ng  tank.  East -West  thrusters  were  added  for  orbital  maneuvering.  The  LO 
propulsion  subsystem  was  removed  as  it  is  not  required. 

Electrical  Power  - The  four  solar  arrays  were  replaced  with  two  large  solar 
arrays.  The  same  solar  array  area  was  maintained.  The  solar  arrays  were  re- 
designed to  permit  sun  tracking.  Redundancy  for  certain  items  was  provided. 

Guidance  and  Navigation  - Por  the  Earth  operation  this  subsystem  was  modified 
by  the  replacement  of  the  Canopus  tracker  by  a horizon  sensor  and  a Polaris 
tracker.  Orbital  stability  is  provided  throu^  the  use  of  reaction  wheels. 

The  inertial  reference  unit  (lEtJ)  was  removed  as  not  required. 

CDP&I  - Antenna  position  control  was  deleted  and  a wide  band  tape  recorder 
was  added  to  record  AVCS  data.  Associated  electronics  were  also  included. 


3-50 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


3-3 Synchronous  Equatorial  Or'biter  Cost  Estimate.  She  cost  -estimate  for 
the  synthesized  SEO  was  derived  from  the  "basic  Lunar  Orbiter  cost  data  as  al- 
located by  LMSC  from  t;he  Boeing  KASA  533  forms . In  general,  adjustments  were 
made  to  subsystem  costs  by  adding  or  eliminating  component  costs,  where  such 
were  identifiable,  or  estimating,  using  the  average  $/lb  derived  from  Lunar 
Orbiter  data. 


Specifically  by  subsystem  the  following  major  adjustments  were  made: 

Experiment  Subsystem  - Remove  V/H  Sensor  at  $3.826M 

- Remove  80  Lens  at  est . .$660K  based  on 
average  $/lb  photo  S/S 

- Add  Eimbus  A"7CS  at  $66K  unit  cost  and 
$12M  R&L  cost 

- Add  Optical -Mechanical  scanner  at  $1.527M 

- Changed  the  24"  (O.61  m)  focal  length 
lens  to  a 9"  (O.23  m)  focal  length  lens 

Structures  Subsystem  - Costed  at  the  LO  average  $/lb  resulting  in 

a 10  percent  increase  of  E&D  and  lonit  cost . 


Propulsion  and 
Attitude  Control 


Power  Subsystem 


G&E  Subsystem 


- Unit  cost  was  adjusted  to  reflect  deletion 
of  propulsion.  Attitude  control  was  in- 
creased for  the  1-year  mission. 


- ' Cost  additions  include  $120K/unit  for  the 
sun  tracking  mechanisms  and  $273K/unit  for 
the  additional  power.  The  development  cost 
reflects  additional  $250K  for  the  sun  track- 
ers and  $390K  for  the  additional  power  inte- 
gration. 


- The,  changes  include  addition  of  a $l65K  Polaris 
Star  Tracker,  $15^  earth  horizon  sensor,  $200K 
worth  of  reaction  wheels  and  removal  of  Canopus 
Star  Tracker  at  estimated  $346K.  The  develop- 
ment cost  and  test  cost  were  also  reduced  to 
reflect  the  R&D  efforts  involved  in  modifica- 
tion of  the  Canopus  Star  Tracker. 
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CDPI  Subsystem  - Estimated  10  percent  increase  in  the  RDT&E  costs . 

The  unit  cost  increased  by  $66K  for  the  addition- 
al uape  recorder  and  D-A  converter  and  for 

the  extra  TWTA  and  PCM  Multiplexer/Encoder . _ 

Adapter  - Since  most  of  the  components  added  were  off-the- 

shelf  items  and  no  additional  development  cost- 
was  charged  to  the  subsystems,  the  payload  as- 
sembly and  integration  development  cost  was  in- 
creased on  basis  of  extrapolating  the  LO  costs 
to  the  hi^er  wei^t  SEO.  The  extrapolation 
was  performed  across  the  board  to  allow  for  the 
■unit  integration  and ' additional  operations  costs. 

The  -unit  cost  was  then  reduced  by  removing  the 
cost  of  LO  shroud  estimated  at  ^263K.  The  shroud 
development  of  $3.048M  is  also  excluded  from  the 
non-recurring  costs  and  the  spacecraft  assembly 
costs  of  $2.876M  were  shifted  to  structures  S/S 
development . 


The  non-recurring  costs  derived  above  from  the  individual  adjustments  at  the 
subsystem  level  were  checked  against  the  in-house  CERs  as  shown  in  Eig.  3-19* 

The  in-house  CERs  for  operations  do  not  reflect  the  costs  of  one  year  photo- 
graphic mission,  thus  the  $8M  est-imate  is  based  solely  on  Lunar  Orbiter  data 
extrapolations.  These  consisted  of  quadrupling  operating  costs  to  reflect 
four  (i^)  times  the  mission  duration  and  minor  delta  costs  in  ACS,  CDPI  and 
SCS  to  represent  a larger  satellite  size.  The  SEO  baseline  costs  are  shown 
in  Pig.  3-20  for  a four  flight-unit  program.  It  should  be  noted  that  these 
costs  include  the  propulsion  subsystem  and  Inertial  Reference  Unit  which  were 
subsequently  removed  by  agreement  with  Aerospace.  As  the  one-year  configura- 
tion (see  Section  3.3.3)  was  not  used,  the  baseline  costs  reflecting  these 
changes  were  not  revised. 

3.3. I. 5 Synchronous  Equatorial  Orbiter  (SEO)  Weight  and  Reliability  Estimate. 
The  summary  of  subsystem,  payload,  and  payload  system  wei^ts  and  reliabilities 
for  the  baseline  SEO  are  tabulated  on  Pig.  3-21.  The  735  lbs  (33^  Eg)  (includ- 
ing attitude  control  gases)  is  the  total  weight  of  the  payload  as  it  separates 
from  the  upper  stage  Agena.  The  reliability  of  O.73O  represents  the  probabil- 
ity of  satisfactory  operation  in  orbit  for  one  year  without  ca-fcastrophic  failure. 

> > I 
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Development  Cost 

In-House  CER 
Estimate 

Sync.  Eq.  Orbit er 
Estimate 

Structures  & S/C  Assembly 

} $ 4.85  Million 

$ 3.74  Million 

Environment  Control 

J 

0,06 

Adapter  & Integration. 

1.61 

1.61 

Subtotal 

- $ 6.46  Million  ■ 

$ 5.41  Million 

Power 

■ $ 4.50 

$ 4.95 

G&K 

4.50 

3.35 

Propulsion/Att . Control 

2.60 

1.43 

TT&C 

10.90 

9.01 

Photo  (no  in-house  CER) 

30.26 

30.26 

Subtotal 

$ 59.22 

$ 54.4i 

Unallocated 

0 

5.00 

TOTAL  S/S  DEVELOPMENT 

$ 59.22 

$ 59. 4l 

GSE  - Photo  (no  in-house  CER) 
- S/C 

4 7.75 
18.85 

$ 7.75 
19.01 

S/C  Assembly  & Integration 

19.50 

20.83 

Program  Management 

8.43 

7.34 

TOTAL  NOE-RECURRING 

$113.75 

$1I4.34 

Unit  Cost 

In-House  CER 
Estimate 

^nc.  Eq.  Orb  iter 
Estimate 

Structure 

Environmental  Control 

$ 372.9  Thousand 

$ 346.8  Thousand 

16.5 

Adapter 

Spacecraft  Assy.  & Integ. 

j 1,300.0 

217.1 

1,264.5 

Subtotal 

$ 1,672.9 

$1,844.9 

Electrical  (built  up) 

TT&C 

G&N 

1,655.6 

2,200.0 

2,487.0 

1,655.6 

Pr  opulsion/ Att . Control 

651.0  . 

425.1 

Experiments  (no  CER) 

2,074.4 

2,074.4 

Subtotal 

Unallocated 

$10,830.9 

0 

$10,700.5 

240.0 

TOTAL  UNIT 

$10,830.9 

$10,940.5 

Fig.  ^3-19  1-Year  SEO  Cost  Comparison 
3-53 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LOCKHEED  MISSILES.  & SPACE  COMPANY 

3-5^ 


PAXLOAD:  SXPfC.  EQ,.  ERS  - BASELHffi MISSION:  SYNCH.  EQ.  ORBIT  (l  XEAE) 

($  IN  THOUSANDS)  - I97O  | 


^ COST 

^"-'"'--.-^TEGOKY 

SUBSYSTEM 

KON-EECURROTG  COST 



RECURRING  COSTS 

TOTAL 

PROGRAM 

COST 

! HARDWARE 

1 OPERATIONS 

DEVEL. 

GSE 

S/C  INT. 
& TEST 

PROG. 

MGME. 

TOTAL 

QTY 

AVE. 

UNIT 

TOTAL 

AVE. 

UNIT 

TOTAL 

ADAETER 

~7'  ' (1 
$1613.4 

- 

$1101.2 

$ 172.8 

$ 2887.4 

4 

' (2) 
$ 217.1 

$ 868.4 

$64o.9 

$2563.6 

$6,319.4 

EXPERIMENTS  AND  MISSION 
^CDLIAE  EQUIPMENT 

30263 .3 

7751.2 

5948.6 

2608.0 

46571.1 

4 

2074.4 

8297.6 

3507.4 

14029.6 

68,898.3 

STRUCTURES  AND 
MECHANISMS 

3740.7 

1013.9 

2340.2 

229.2 

7324.0 

4 

1611.3 

6445.2 

327.7 

1310.8 

15,080.0 

'ELECTRICAL  AND 
PYROTECHNICS 

4954.2 

1708.4 

2039.9 

1653.5 

10356.0 

4 

1655.6 

6622.4 

613.0 

2452.0 

19,430.4 

GUIDANCE,  NAVIGATION,  ^ 

STABIL.,  AND  CONTROL 

3345.9 

4409.2 

4170.4 

644.0 

12569.5 

4 

2442.2 

9768.8 

872.7 

3490.8 

25,829.1 

PROPULSION 
ATTITUDE  CONTROL 

762.1 

1634.0 

1525.0 

211.7 

4132.8 

4 

252.0 

1008.0 

307.5 

1230.0  ■ 

6,370.8 

&Y"d,S 

4qo.i 

610.2 

9B.8 

1868.7 

4 

172.1 

6q2.4 

62.8 

2BB.2 

2,816.2 

TELEMETRY,  TRACKING, 
AND  COMMAND 

9010.9  ; 9752.8 

3044.7 

1722.9 

23531.3 

4 

2258.3 

9033.2 

985.0 

1 

3940.0 

36,504.5 

ENVIRONMENTAL 

CONTROL 

55.0 

— , 

" 

...  1 

45.0 



5.0 

105.0 

4 

16.5 

66.0 

1 

5.0 
_J 

20.0 

191.0 

SUB 

TOTAL 

ALLOCATED 

54418.1 

26759.6!  20825  .'2 

7342.9 

109345.8 

, ■ 1 

4 

10700.5 

42802.0 

— 

7323.0 

29292.0 

181,439.8 

NON-ALLOCATED 
rO  SUBSYSTEM 

i i 

5000.0  j - 1 

- 1 L 

5000.0 

4 

240.0 

960.0 

! 670.1 

2680.4 

8,640.4 

PAYLOAD  TOTAL^^^ 

59418.1  26759.6I2O825.2 

7342.9 

114345.8 

4 

1 

10940.5 

1 1 . ..i 

43762.0 

7993.1 i 31972.4  1 

190,080.2 

Notes:  (l)  Excludes  $3«o48M  for  Shroud  Development/Mods.  (4)  Includes  propulsion  and  IRU  which  were 

(2)  Excludes  Cost  of  Shroud  Est.  at  $263,400,  subsequently  removed  (see  Section  3.3.3) 

(3)  Excludes  Prime  Contractor  Pee  & NASA  Program  Mgnit, 

Pig.  3-20  Program  Cost  Apportionment  - Sync.  Eq.  Earth  Resoirrces  Satellite  (Lunar  Orbiter  Derivative) 
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1 lb  = 0.4536  kg 


Fig'.  3-21  Baseline  Sync.  Eq.  Orbiter  (Earth  Resources)  - 1 Yr,  Reliability  & Weight  Apportionment 
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The  variation  in  payload  weight  and  reliability  to  that  shown  in  Section  3.I 
reflects  removal  of  the  lEU  and  propulsion  subsystem  by  mutual  agreement  with 
Aerospace.  These  weights  euid  reliabilities  are  those  that  were  used  in  the 
parametric  analysis  and  SEO  optimization,  but  not  in  development  of  subsequent 
low-cost  designs  as  this  was  based  upon  the  2-year  configuration. 

3.3-2  Mars  Orbiter 


3. 3. 2.1  General  Description.  The  second  Lunar  Orbiter  derivative  was  the  Mars 
Orbiter  (MO)  . As  with  SEO,  mission  parameters  and  location  are  changed  neces- 
sitating design  changes.  Principal  changes  involve  the  power  system  due  to 
reduced  solar  illumination  at  Mars,  the  propulsion  system  due  to  increase  in 
velocity  required  for  attaining  Mars  orbit,  and  CDPI  due  to  greatly  increased 
comnamications  distances.  The  MD  is  shown  in  Pig.  3”22. 

3. 3. 2. 2 Mission  Description.  The  selected  mission  for  this  configuration  is 
the  1971  Mars  orbit.  The  overall  e3q>eriment  objectives  are  to  provide  a photo- 
graphic atlas  of  the  planet  Mars  and  to  provide  hi^  resolution  photography  of 
candidate  Mars  manned  landing  sites . Supplemental  experiments  to  increase  mis- 
sion utility  were  derived  from  the  Mariner  Mars  Orbiter  mission  which  will  pro- 
vide W and  IR  imaging  at  Mars,  and  micrometeoroid  and  radiation  measurements 
enroute  and  at  Mars. 

The  spacecraft  is  launched  by  an  SLV-3C/Centaur . 1971  is  an  ideal  year  for 

Mars  flights  as  the  planet  is  at  perihelion,  thus  the  velocity  required  is  less 
than  nominal.  In  the  reconfiguration,  this  X'/as  considered  and  resulted  in  the 
injected 'wei^t  to  the  mission  velocity  being  less  than  the  launch  vehicle's 
capability.  For  the  1971  mission,  the  required  injection  velocity  is  37j^00 
fps  (11, 400 ’m/sec) . Hyperbolic  speed  at  Mars  is  9705  fps  (2958  m/sec) . The 
launch  window  is  between  15  May  and  2 June  1971  with  arrival  window  at  Mars 
being  3 December  1971  to  6 January  1972.  Conaminication  distance  will  vary  from 
'0.96  A.U.'  at  arrival  to  2.0  A.U.  at  end  of  readout.  The  3naxiraum  tine  enroute 
is  218  days,  the  end  of  the  window.  The  launch  vehicle  is  capable  of  boosting 
2175  lbs  (989  kg)  to  this  mission. 
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SOLAR  PANEL  (h) 


Fig.  3-22  General  Arrangement  of  Baseline  Mars  Orbit er 
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At  arrival  at  Mars,  the  spacecraft,  having  teen  targeted  for  a pericenter  of 
1.5  radii,  ’will  he  braked  to  an  elliptical  orbit  of  I.5  by  5 radii.  This  will 
require  4789  fps  (l4-57  m/sec).  After  orbit  verification,  the  pericenter  will 
be  lowered  to  I.06  radii  by  further  retrofiring  at  apocenter  - 4-58  fps  (l4o  m/ 
sec).  The  midcourse  maneuvering  is  estimated  at  400  fps  (l22  m/sec)  resulting 
in  a total  AV  of  5647  fps  (l720  m/sec).  Using  the  existing  Lunar  Orbiter  pro- 
pulsion system  with  1 of  273  secs  results  in  a total  weight  to  inert  wei^t 

sp 

ratio  of  I.9OO93.  Orbit  lifetime  at  the  selected  orbit  is  about  120  days.  A 
sufficient  quantity  of  residual  velocity  is  available  to  raise  pericenter  if 
required.  The  orbital  period  is  8 hrs  and  7 min,  and  the- eccentricity  is  O.65. 
Three  pericenter  passes  per  Mars  day  can  be  used  for  high  resolution  photography. 
Inclination  should  be -selected  to  maximize  the  coverage. 


Operations  in  Mars  orbit  are  planned  to  be  as  similar  in  concept  as  possible 
to  the  Lunar  Orbiter  mission.  However,  changes  in  operation  time  due  to  in- 
creased coverage  requirements  and  ccanimmications  readout  are  required. 


S-3-2.3  Subsysxem  Description 

Experiments  - The  Lmar  Orbiter’ s photographic  payload  Is  considered  to  be  sat- 
isfactory for  the  Mars  mission  with  the  exception  of  the  film  loading  and  se- 
quence of  processing.  To  circumvent  bonding  of  web  and  film,  additional  film 
and  web  (and  storage  capacity)  must  be  provided  to  permit  processor  creep  after 
initiation  of  photography.  In  view  of  longer  readin/readout  cycles  and  increased 
mission  duration,  a redundant  optical/mechanical  scanner  was  added  and  supple- 
mental gas  was  provided.  Secondary  IR  and  U/V  experiments  from  Mariner  '71  were 
added  to  increase  mission  utility. 


The  baseline  payload  for  the  Lunar  Orbiter  was  optimized  for  a 30-day  mission 
with  20  days  of  photography  and  ten  days  readout.  Mission  duration  and  commun- 
ications distance  force  some  modifications  to  the  payload  for  the  Mars  mission. 
Link  limitations,  coupled  with  increased  pericenter  distance,,  cause  some  reduc- 
tion in  ground  resolution  distance  (GRD)  . The  high  resolution  system  on  LO  was 
capable  of  1 meter  resolution.  Raising  the  altitude  at  pericenter  to  110  nm, 
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(202  3nn)  reduces  GRD  Tdjt  a factor  of  4.  The  CLPI  prohlem  revolves  around  loss 
in  signal-to-noise  ratio  at  the  interplanetary  distance.  Improving  CDPI  per- 
formance by  increasing  transmitter  power  and  antenna  aperture  and  by  using  the 
210  ft  (64  m)  DSIF  antennas  reduces  path  losses  from  53  db  to  32.5  db  (1.736 

times  reduction).  Assuming  all  other  parameters  remain  the  same,  it  would  re- 

< 

suit  in  a transmission  time  of  55  days  per  frame-  or  29  years  to  readout  a com- 
plete 194  frame  payload.  This  is  impractical.  The  only  reasonable  alternative 
would  be  to  accept  reduced  resolution,  and,  by  restricting  the  transmission 
time  to  about  12  hours  per  frame,  a GRD  of  30  meters  is  possi"ble  and  reason- 
ably practical.  This  is  3 times  better  than  that  predicted  for  Mariner  '71. 
Extended  readout  times,  90  days  to  readout  the  19^  frames,  necessitates  adding 
a redundant  Optical -Mechanical  Scanner.  Additional  film  is  provided  to  allow 
for  film  advance  during  quiet  periods  after  arrival  to  prevent  film/web  bond- 
ing. Ho  problem  is  envisioned  enroute;  but  after  arrival,  film  must  be  moved 
throu^  the  processor  each,  bight  hours  or  film  breaking  could  result.  The  same 
mission  procedure  as  the  Lvinar  mission  is  planned  with  respect  to  readin  and 
readout  except  that  extended  frame  transmission  times  will  require  a much  longer 
readout  period.  Eor  the  Mars  mission,  readin  is  planned' for  the  first  30  days 
and  then  readout  for  the  following  90  days,  as  opposed  to  20  days  readin  and  10 
days  readout  at  the  moon.  Film  hogging  due  to  radiation  is -less  of  a problem 
than  in  ssmchronous  equatorial  and  no  special  shielding  provisions  are  planned. 
The  supply  in  the  Photo  Subsystem  is  doubled  to  compensate  for  leakage  and 
film  handling  size  increased  to  compensate  for  the  increased  film/web  supply. 

In  the  area  of  secondary  experiments,  additional  sensors  similar  to  Mariner  ’7I 
were  added  to  increase  mission  utility.  These  included  an  Infrared  Interfero- 
meter/Spectrometer,  an  Infrared  Radiometer,  and  an  Ultra-Violet  Spectrometer. 

A wide  band  tape  recorder  is  provided  to  store  secondary  experiment  data. 

Adapter  - Use  of  the  SLV-3C/Centaur  necessitates  a different  payload  adapter. 

Structures  and  Mechanisms  - Size  and  wei^t  capability  of  the  tank  and  equip- 
ment mounting  decks  and  strength  of  the  truss  structure  were-  increased.  The 
hi^  gain  antenna  and  solar  array  deployment  mechanisms  required  modification. 
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Environmental  Control  - The  deep  space  environment  necessitated  an  increase 
in  the  capability  of  the  ECS.  Heater  capacity  and  insulation  were  increased. 

Propulsion  - The  main  change  was  to  the  propellant  storage  caused  by  increased 
loading.  A single  common  buDchead  tank  was  substituted  for  the  existing  tanks 
a differential  tank  pressure  regulator  was  added. 

Attitude  Control  - The  longer  mission  requires  more  control  gas . A second 
tank  and  associated  plumbing  were  added. 

Electrical  Power  - At  Mars,  solar  intensity  is  down  by  a factor  of  2.8.  Addi- 
tional power  for  transmitters  and  heaters  is  required.  Thus,  the  array  area 
was  increased  by  a factor  of  3-3*  Redundant  components  and  a second  battery 
were  added. 

Guidance  and  Navigation  - Reliability  of  the  existing  inertial  reference  unit 
is  not  satisfactory  for  the  mission,  hence  a more  reliable  unit  was  substi- 
tuted . 

CDPI  - A 9 ft  (0.27  m)  aperture  extendable  hi^  gain  antenna  was  substituted 
for  the  existing  antenna,  and  redxmdant  40  watt  TWTAs  were  provided  to  in- 
crease system  gains . Redundant  transponders  and  PCM  multiplexers  and  a tape 
recorder  were  added. 

3. 3 *2 .4  Mars  Orbiter  Cost  Estimate.  The  Mars  Orbiter  costs  were  extrapolated 
from  the  basic  Ltinar  Orbiter  data  in  the  similar  manner  to  the  Synchronous 
Equatorial  Orbiter. 

The  major  cost  adjustments  at  the  subsystem  level  are  as  follows: 

Experiment  Subsystem  - Add  Optical  Mechanical  Scanner,  film,  and  web  capacity 
at  a total  cost  of  $3M  (64-67  $) • , Also  add  secondary  ejqperiments  resulting 
in  $6M  additional  development  costs  including  $1.6M  of  GSE  and  $2.4m  of  space- 
craft integration  and  test.  The  unit  cost  of  secondary  experiments  was 
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estimated  at  $2.2M.  The  major  cost  increase  for  this  subsystem  resulted  in 
operations]  due  to  the  mission  requirements,  such  as  mission  dxiration  of  338 
days  as  ccsnpared  to  Lunar  Orbiter's  3^  days.  The  readout  duration  of  90  days 
as  compared  to  10  days  for  Lunar  Orbit er.  Thus,  the  photo  system  operating 
costs  of  Lunar  Orbiter  were  factored  10  times  to  derive  the  Mars  Orbiter  sys- 
tem operating  costs.  Also,  the  secondary  experiments  resulted  in  additional 
operating  costs  estimated  at  $2.9  million  per  unit. 

Structures  Subsystem  - The  structures  cost  was  increased  based  on  CERs  and 
increased  wei^t. 

Propulsion  Subsystem  - This  subsystem  is  the  same  as  in  the  SEO  case  and  the 

I 

costs  reflect  use  of  a single  aluminum  tank,  slightly  larger  than  In  the  SEO. 
The  costs  were  estimated  using  SEO  $/lb  with  no  change  for  the  GSE  and  inte- 
gration portions.  Again,  the  attitude  control  subsystem  is  broken  out  separ- 
ately with  the  same  EDT&E  cost  as  for  SEO,  but  a sli^tly  reduced  unit  cost 
based  on  $/lb  from  SEO. 

Power  Subsystem  - The  costs  were  estimated  using  a CEE  $/watt  for  the  enlarged 

solar  arrays  plus  the  additional  battery  and  cabling  costs- estimated  on  $/lb 

basis . Development  cost  was  also  increased  based  on  $/lb  CER  data. 

1 

Guidance  and  Navigation  Subsystem  - The  development  cost  was  assumed  unchanged, 
the  unit  cjost  was  derived  using  LO  and  closely  correlating  CER  $/lb  to  reflect 
slightly  heavier  system  than  the  LO  subsystem. 

CDPI  Subsystem  - Since  most  of  the  additional  weight  was  due  to  redxmdancy 

! 

with  the  exception  of  a new  antenna  and  a recorder  not  in  the  LO  CDPi  subsys- 
tem, the  d,evelopment  and  integration  costs  were  increased  15  percent  keeping 
the  GSE  cost  the  same.  The  unit  costs  were  derived  using  CDPI  CER  and  cross- 
checked by'  summing  the  LO  unit  cost  and  the  redundant/additional  components. 
Operating  costs  were  increased  based  on  the  ratio  of  unit  costs. 
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Adapter  Subsystem  - This  includes  only  the  adapter  whose  new -development  was 
estimated  at  $20K/lb  ($9K/kg)  . The  unit  cost  was  estimated  at  $300/lb  ($1361|-/ 
kg)  and  the  support  and  management  costs  were  allocated  resulting  in  $3^8K/ 
unit. 

The  non-recurring  costs  estimated  for  the  Mars  -Orbiter  based  on  a combination 
of  Lunar-Orbiter , Synchronous  Equatorial  Orbiter  and  in-house  CERs  were  cheeked 
against  in-house  CER  estimates  with  the  resulting  variances  as  shown  in  Fig. 

3-23. 

The  operating  costs  were  extrapolated  directly  from  the  Lunar  Orbiter  and  Syn- 
chronous Equatorial  Orbiter  data  with  a major  adjustment  for  the  experiment 
subsystem  as  discussed  above. 

The  costs  in  Fig.  3-24  are  the  Mars  Orbiter  estimates  derived  as  explained 
above  and  summarized  into  a five  flight-unit  program. 

3.3 -2.5  Mars  Orbiter  Weight  and  Reliability  Estimates.  The  baseline  Mars 
Orbiter  is  also  an  extrapolation  of  the  reference  Lunar  Orbiter.  The  summary 
reliability  characteristics  and  weights  are  tabulated  on  Fig.  3-?5.  The  total 
payload  as  injected  into  trans-Mars  trajectory  weighs  1,861  lb  (846  kg)(in- 
cluding  920  lb  (4l8  kg)  of  propellants,  expendable  gases,  and  residuals). 

The  payload  reliability  of  0.8028  represents  the  probability  that  the  Mars 
Orbiter  will  complete  its  mission  without  catastrophic  failure;  the  mission 
operating  time  will  he  an  average  218  days  in  transit,  plus  120  days  in  orbit 
about  Mars,  a total  of  about  11  months.  As  in  the  ease  of  the  SEO,  the  Lumar 
Orbiter  reliability  and  weight  figures  were  extrapolated  to  the  11 -month  Mars 
mission. 

3-3»3  Synthesis  of  the  Long-Life  SEO  (2-year  SEO) 

The  _initial  baseline  SEO  was  an  extrapolation  of  the  Lunar  Orbiper  to  perform 
a 1-year  mission.  To  provide  increased  application  to  the  HASA  traffic  model, 
it  was  later  decided  (with  MSA  approval)  to  establish  a baseline  SEO  with 
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Subsystem  Development  Cost 


In-House  CEE 
Estimate 


LO/SEO/CER  Based 
Estimate 


Structures  and  S/C  Assy.) 
Environmental  Control  ) 

$ ^.lk-7  Million 

$ 

4.250  Million 

0.060  ” 

Adapter  and  Integration 

2.020  " 

2.020 

Subtotal 

$ 7.167  " 

$ 

6.330  " 

Power 

5.000  " 

5.242 

G&H 

h.ooo  " 

3.606 

Propulsion  ) 

Attitude  Control) 

2.600  " 

0.875 

0.673 

TT&C 

12.470  " 

9.420  " 

Photo  (no  in-house  CER) 

27.194 

27.194  " 

Subtotal 

$ 58-.  431  " 

$ 

53.340  " 

Unallocated 

0 

5.000  ” 

Total  S/s  Development 

$ 58,431  " 

$ 

58.340  " 

GSE  - Photo  (Ho  in-house  CER) 

9.091  " 

9.091  " 

- S/C 

20.800  " 

19.073  ’’  . 

S/C  Assy.  & Integr. 

23.960  " 

21.862  " 

Pi-og.  Mgmt. 

8.978  " 

7.354  " 

Total  Hon-Recurring  Cost 

$121,200  Million 

$ 115.720  Million 

Unit  Cost 


Structure  ) ^ 

Environmental  Control) 

Adapter  ) 

Spaceeraft  Assy-  & Integ.) 

Subtotal  $ 

Electrical  $ 

TT&C  (used  CER  for  both) 

GM 

Propulsion 
Att.  Control 
Experiments  (no  CER) 

Subtotal  $ 

Unallocated 

Total  Unit  Cost  $ 


388.3 

Thousand  ^ 

Thousand 

Tl 

1,495.0 

n 

347.9 

1.012.1 

IT 

IT 

1,883.3 

Tl 

$ 1,748.3 

1,703.5 

tt 

$ 1,831.2 

tl 

3,307.2 

It 

3,307.2 

II 

2,074.0 

It 

2,440.0' 

IT 

625.0 

n 

293.8 

it 

618.8 

II 

167.3 

tt 

4,669.8 

IT 

4,669.8 

Tt 

l4,88l.6 

11 

$ 14,457.6 

tt 

0 

200.0 

l4,88l.6 

It 

$ 14,657.6 

Tl 

Eig.  3-23  Mars  Orbiter  Cost  Comparison 


3-63 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LOCKHEED  MISSILES  ^ SPACE 

V64 


PAYLOAD:  MARS  ORBITER 


Mission:  MARS  ORBIT  - 1 YR. 


($  in  THOusAnDs)-  1970  $ 


COST 

■Kroi\r_RTi;rn’TT?'RTT\Ta  nnsT' 

RECURRING  COSTS  ' 

mr\m  at 

CATEGORY 

HARDWARE 

1 OPERATIONS 

lUI/ib 

PROGRAM 

COSE 

SUBSYSTEM 

DEVEL. 

GSE 

PROG. 

MGMT. 

TOTAL 

QTY 

AVE. 

UNIT 

TOTAL 

AVE. 

UNIT 

TOTAL 

ADAPTER 

; $2020.0 

- 

$ 817.9 

$124.8 

IB 

5 

$ 347.9 

m 

$589.2 

$2945.9 

$ 7,648.0 

27194.1 

9091.2 

6788.1 

2518.3 

5 

4669.8 

HR 

6306i.o 

132,001.7 

STRUCTURES. AED 
MECHAniSMS 

4.250.2 

IH 

■hIhi 

242.1 

8128.6 

5 

1378.9 

6894.6 

310.8 

1554.1 

16,577.3 

ELECTRICAL  AED 
PYROTECHmCS 

524-1.6 

■n 

■ii 

1717.1 

10707.0 

5 

1831.2 

9156.0 

735.6 

3678.0 

23,541.0 

GUIDANCE, 
STABIL. . 

NAVIGATION, 
AND  CONTROL 

3605.9 

4109.2 

4290.4 

665.7 

12971.2 

5 

2440. 0 

L2200.0 

875.0 

4375.0 

29,546.2 

1 PROPUL  sion 

875.0 

634.0 

1525.0 

217.8 

4251.8 

5 

293.8 

1469.0 

322.9 

i6i4.5 

7,335.3 

i ATTITUDE  CONTROL 

572.  b 

490.1 

510.2 

95.8 

1868.7 

5 

167.3 

836.5 

57.5 

287.5 

? . QQ?  . 7 

TELEMETRY,  TRACKING, 
|ahd  command 

94-20.6 

9752.8 

3183.1 

1766.2 

24122.7 

i 

5 

3307.2 

L6536.O 

1447.7 

7238.5 

47,897.2 

ENVIRONMEIN 
1 CONTROL 

TAL 

60.0 

- 

50.0 

6.0 

116.0 

5 

21.5 

107.5 

.0 

25.0 

248.5 

STIR 

ALLOCATFJ) 

53340.0 

,28164. 1 

21862.5 

7353.8 

110720.4 

‘ -1 

5 14457.6  ' 

r2288.0 

L6955.9 

84779,5 

267.787.9 

TOTAL 

NON-ALLOCATED 
TO  SUBSYSTEM 

5000.0 

- 

- 

“ 

- 

5000.0 

5 i 

200.0 

1000.0 

700.0 

3500.0 

9,500.0 

( '1 

PAYLOAD  TOTAL  ' I 

58340.0 

28164.1 

21862.5 

7353.8 

115720.4 
1 

! ! 

5 44657.6  73288.0 1- 

-7655.9 

88279.5 

277,287.9 

notes:  (1)  Excludes  Prime  Contractor's  Fee  & NASA  Program  Management 


S 

CO 

o 


I 

> 


VO 

O 

VJl 

vn 

O' 


^'ig«.  3-2U  Program  Cost  Apportionment  - Mars  Ortiter 


LOCKHEED  MISSILES 


PAYLOAD 

SYSTEM 

7IT. 

4028. s 

EEL . = 

0 , 794E 

ABAEEER 

WT.  = 2168 .0~ 
EEL.  = 0.990 


PATLOAD 


w.  = 1860.9  ** 

EEL.  = 0.8028 


SPACECRAFT 


EXPERIMEINTS 


PEOFULSIOE 


GUIDAHCS  & 
NAVIGATION 


* Includes  Fairing,  and  Adapter  "which  remains  "with  the  injection  stage.  1 lb  0.453d  Eg 

**  Includes  Propellants,  Residuals  and  Gases  equal  to  920  l6s‘. 

Fig.  3-25  BASELINE  MASS  ORBITER  - RELIABILITY  AND  WEIGHT  APPORTIONMENT 
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2- year  life.  Certain  changes  in  subsystem  and  payload  reliability  were  made 
to  obtain  the  equivalent  of  the  I-yea^  SEO.  The  duty  cycles  for  all  compon- 
ents were  made  compatible  with  the  2-year  sync.-eq.  orbit  mission  and  redun- 
dancies and  hardware  quantities  adjusted.  The  total  inert  weight  of  this  pay- 
load  is  1090  lb  (495  kg).  The  reliability  of  the  baseline  SEO  is  O.607. 

Weight  and  reliability  summaries  by  subsystem  are  shown  in  Eig.  3-26. 

Changes  in  weight  are  due  to  addition  of  film  and  bimat.  plus  increased  redun- 
dancy within  the  photographic , secondary  experiment  j environmental  control , 
electrical,  CDPI  and  S&G  subsystems.  Increased  expendable  gas  for  photo  pay- 
load  pressurization  and  attitude  control  was  provided. 

The  two-year  SEO  costs  were  directly  factored  from  the  one-year  SEO  costs. 
Addition  of  redundancy  resulted  in  higher  costs.  These  are  shown  in  Eig. 

3- 27.  It  should  be  noted  that  the  elimination  of  the  propulsion  subsystem 
and  the  Inertial  Reference  Unit  resulted  in  some  reduction  in  overall  costs. 
The  two-year  SEO  baseline  was  subsequently  used  for  the  low-cost  redesign, 
costing  and  planning  tasks . 

3.3.4  Modification  of  SRS 

The  initial  baseline  SRS  was  a direct  copy  of  the  LMSC  P-11  subsatellite. 

The  P-11  spacecraft  is  designed  to  be  mounted  on  the  aft  equipment  rack  of  an 
Agena  vehicle.  After  the  Agena  attains  orbit,  the  P-11  separates  and  is  in- 
jected into  its  mission  orbit.  The  P-11  spacecraft  includes  structure,  a 
solar  power  system,  a command  system,  a data  system  and  a propulsion  system. 
Space,  weight,  power,  and  data  handling  capability  are  provided  for  various 
types  of  payloads  for  a limited  operating  duty  cycle. 

The  P-11  does  not  provide  sufficient  electrical  power  to  perform  the  HIGLO 
mission  which  requires  an  extended  duty  cycle.  Also,  the  allocation  of  equip- 
ment to  subsystems  differs  slightly  from  that  which  has  been  established  as 
standard  for  the  Payload  Effects  Study. 
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ELECTRICAL 

SCAB.  & COETROL 

! 

1 

ATTITUDE  COltt. 

1 

CDP  & I 

WT.  = 311.7 
EEL.  = 0.871 

m.  = 136.0 
EEL.  = 0.870 

• 

WT,  = 70.3 
EEL.  = 0.961  ' 

WC.  = i46.5 
EEL.  = 0.882 

STHJCT.  & MECH. 

WT.  = 133, L 
EEL.  = 0.997 


* Does  not  include  72.0  IDs  of  ex^jendable  gases 
^ Includes  all  expendables 


eev.  coetrol 

WT.  = 11.0 
REL.  = 6.999 

1 

1 lb  = 0,4536  kg 


Fig,  3-26  Baseline  2-Year  SEO  - Weight  and  Reliability  Estimates 
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MISSIOITr  2 ZRS.  SYNCH.  EQ,  ORBIT 
IN  THOUSANDS)  “■ 


CATEGORY 

H 

1 

COSTS 

RECURRING  COSTS 

TOTAL 

1 HARDWARE 

1 OPERATIONS 

PROGRAM 

SUBSYSTEM 

DEVEL. 

GSE 

"s/c'  INT 

PROG. 

TOTAL 

QTY 

AVE. 

5 UNIT 

2 YEAR 

tota£^^ 

1 COST 

. 

& TEST 

MGMP . 

UNIT 

TOTAL 

MISSION 

j 

Adapter 

1613.4 

1101.2 

172.8 

2887.4 

5 

217.1 

1085.5 

64o.9 

2093.7 

6066 . 6 

Experiments  and 
Mission  Peculiar 
Equipment 

30263.3 

7751.2 

6498.6 

2640.6 

47153.7 

5 

2533.5 

12667.5 

6313.3 

11626.1 

71447.3 

Structures  and 
Mechanisms 

3675.7 

1013.9 

2340.2 

227.1 

7256.9 

5 

1598.3 

7991.5 

327.7 

980.5 

16228.9 

Electrical  and 
pyrotechnics 

5922.3 

2255.0 

2369.8 

1845.7 

12392.8 

5 

1932.5 

9662.5 

717.2 

2330.4 

24385.7 

Stabilization 
& Control 

5070.1 

4409.2 

5577.0 

813.0 

15869.3 

5 

3264.2 

16321.0 

1186.9 

3193.7 

35384.0 

Attitude 

Control 

899.8 

588.1 

915.3 

129.8 

2533.0 

5 

242.5 

1212.5 

il4.8 

309.2 

4054.7 

Command,  Data 
Processing 
& Instrumen. 

10255.0 

10252.8 

3486.7 

1895.5 

25890.0 

5 

3895.0 

19475.0 

1704.1 

5322.1 

50687.1 

Environmental 

Control 

1 

60,0 

- 

45.0 

5.0 

110.0 

5 

18.0 

90.0 

5.0 

25.0 

225.0 

Sub-  Allocated 

57759.6 

26270.2 

22333.8 

7729.5 

ii4093  .1 

5 

13701.1 

68505.5 

11003.9 

25880.7 

208479.3 

Non-Allocatel 

2556.0 

V 

to  Subsystems 

- 

- 

- 

2556.0 

5 

200.0 

1000. OC 

400.0 

2000.0 

5556.0 

Payload  Total  (4) 

$60315.6 

^26270.2 

^22333.8 

$7729.5 

$116649.1 

5 

$13901.1 

$69505.5 

$1i4o9.9 

$27880.7 

$214035.3 

(l)  Includes  adapter,  no  shroud. 

(3)  Excludes  mission  softwaire. 

(4)  Excludes  prime  contractor's  fee  8c  NASA  prog.  mgmt. 


— r 1 ■ * ■ f f f 

{2}  Equivalent  of  one  unit  with  2 -year  mission  ops.  & 
5 units  with  launch  ops.  & support. 
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Therefore,  a corrected  baseline  SRS  configuration  has  been  created.  The  major 
differences  in  configuration  between  the  corrected  baseline  SRS  and  the  initial 
baseline  SES  are: 

• Solar  array  area  was  doubled 

• Additional  data  handling  was  provided 

® Active  stabilization  (spin-axis)  control  was  provided 

The  reliability __numbers  and  subsystem  weights  for  the  revised  baseline  SRS  are 
shown  in  Fig.  3-28,  Revised  baseline  cost  estimates  are  shown  in  Fig.  3~29. 

3.4  LAUHJCH  VEHICLE  DATA  AMD  INTERFACES 

Characteristics  of  the  Shuttle  and  candidate  low-cost  expendable  launch 
vehicles  which  affected  payload  design  (primarily  structiiral  loads  and  cargo 
bay  environment)  were  provided  by  the  Aerospace  Corporation  for  this  stiidy, 
and  are  described  in  paragraph  3-1-6.  In  general,  neither  the  performance 
capability  nor  the  environmental  conditions  imposed  burdensome  constraints 
on  low-cost  payload  design  or  operational  modes  for  either  the  shuttle  or 
expendable  launch  options.  For  the  low-cost  SEO,  some  growth  in  tug  capa- 
bility was  found  to  be  desirable  to  take  full  advantage  of  low-cost  tech- 
niq.ues  and  payload  return  capabllxty  when  using  the  shuttle. 

3.4.1  Lavmch  Vehicle  Environments 

The  shuttle  cargo  bay  flight  environments  are  not  firmly  established  yet, 
but  some  current  data  is  compared  to  that  for  the  expendable  Titan  in  Fig. 

3-30,  and  the  effects  discussed  in  sub-section  8.1  Considerable  mitigation 
of  the  external  shuttle  acoustics  may  be  obtained  by  covering  the  inside  of 
the  cargo  bay  doors  with  sound  attenuating  material^  this  same  treatment 
will  serve  to  reduce  thermal  radiation  from  the  inside  of  these  doors,  thus 
lessening  the  effect  of  ascent  and  reentry  heating  on  the  payload.  With  the 
shuttle,  the  transients  due  to  staging  are  minimized  and  the  high,  steep- 
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Subsystem 

Corrected 
Baseline 
SRS  Reliability 

Revised 
Baseline  SRS 
Wt.  (lb)  or  (kg) 

Structure'-&  Mechanisms 

.9985 

40.3  (18.3) 

Enviroimiental  Control 

.9994 

6.4  ( 2.9) 

Communications j Bata  Processing 
& Instrumentation 

.952 

61.4  (27.9) 

Electrical  Power 

.9077 

99.8  (45.3) 

Stabilization  & Control 

.987 

26.3  (11.9) 

Propulsion  & 'Attitude  Control 

.9139 

27.0  (12.3) 

Experiment  Installation 

.8247 

55.7  (25.3) 

Payload  Total 

.6408 

316.9  (l44.0) 

Fig.  3-SS  Corrected  SRS  Reliability  and  Weight  Estimates 
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SUBSrSIEM  COST  ESTIMATES  FOR  LOW-COOT  PAILOADS 
(1970  $ THOUSANDS) 


PAYLOAD:  SRS  (Revised) LAUNCH  -VEHICLE:  Baseline FLICHT  DURATION:  0.5  Yrs. 


SUBSYSTEM 

COSTS  1970  $ THOUSANDS 

RDT&E  Cost 

Avg.  Unit  Cost 

Avg.  Opern's. 

Total  Cost  * 

Adapter 

500 

130 

2 

1028 

Ejcperiments 

360 

80 

110 

1120 

Structures  & 
Mechanisms 

1280 

120 

11 

l8o4 

Electrical  & 
I^rotechnics 

3950 

700 

11 

6794 

Guidance,  Navigation, 
Stabilization  & Control 

2200 

300 

11 

3444 

Propulsion  & 
Attitude  Control 

920 

70 

17 

1268 

Telemetry,  Tracking  8e 
Command  (incl.  Instru- 
mentation, Data  Proces., 
Communications) 

3000 

600 

33 

5532 

Environmental  Control 

44o 

60 

680 

Non-Allocated  Costs 

10 

- 

2 

18 

Payload  Total 

$12660 

$2060 

$ 197 

$21688 

* Includes  4 spacecraft  and  4 operations . 
**  Prime  contractor  fee  not  included. 


Fig.  3-29 
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PAYLOAD  ENVIROHMENT 

LOW-COST  EXPENDABLES 

SPACE  SHUTTLE 

CHARACTERISTIC 

3 -SEC.  SRM/TITAN  core  II 

TITAN  III-L2 

ASCENT 

REENTRY 

LARDING 

Acceleration  (g) 

Axial 

+8.2 

+5.4 

+3.3 

-0.5 

-1.3 

Yaw 

+3.6 

+2.4 

+1.0 

-2.0 

-2.T,  +1.0 

Pitch 

13.5 

+2.4 

+1.0 

+1.0 

+1.0 

Vibration  (g^/Hz)  max. 
(Acceleration  spectral 
density) 

0.20 

0.12 

0.02 

- 

Temperature,  °F  (°K) 

Pre launch 
(Conditioned) 

80  (300) 

80  (300) 

80  (300) 

Ascent 

(inside  wall) 

150  (340) 

150  (34o) 

+150  (340)  to 

-100  (200) 

On-Orbit 

- 

- 

+150  (340)  to 

-100  ( 200) 

Acoustic  (OASPL,  DB) 
(Extei’nal) 

i45 

l46 

158.5 

Fig.  3-30  Launch  Vehicle  Environment  Comparison 
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fronted  pyrotechnic  shock  that  usually  accompanies  payload  fairing  separation 
is  eliminated.  Prelaunch  thermal  conditioning  of  payloads  is  easily  accom- 
plished^ if  necessary,  for  either  launch  mode,  and  is  therefore  not  a signifi- 
cant tradeoff  factor.  The  combination  of  a cryogenic  stage  and  a payload 
under  a common  fairing,  very  probable  if  the  Titan  Ilio/Centaur  were  con- 
sidered, provides  the  same  "cold  wall  radiation"  effect  and  pixrge  req.uire- 
ments  as  a shuttle  payload  might  experience.  In  general,  the  shuttle  payloads 
may  experience  a more  severe  acoustic  environment  but  a milder  shock,  vibra- 
tion, and  acceleration  environment  and  more  easily  accommodate  mitigation 
measures  than  an  expendable  launch. 

3.4.2  Launch  Vehicle  Interface  Constraints 

The  constraints  placed  upon  the  payload  by  the  launch  vehicle  have  been  in- 
spected. This  included  review  of  the  preliminary  Interface  Control  Document 
for  the  Shuttle  being  coordinated  by  UJ^SA/mSC.  In  general,  no  major  technical 
problems  seem  to  exist,  but  a considerable  amount  of  detail  analysis  and  design 
will  be  req^uired  to  Implement  compatible  interfaces.  A few  of  the  areas  which 
were  cursorily  investigated  are  listed  followlngj  some  require  further  study 
in  follow-on  effort. 

3. 4.2.1  Volume . The  large  15x6o  foot  (4.6xl8.3m)  cargo  compartment  of  the 
shuttle  permits  considerable  freedom  for  handling  a large  variety  of  payloads, 
payload  mixes,  and  sortie  payloads  without  complex,  specialized  support 
structures  for  each  different  flight.  It  also  provides  operational  modes  not 
possible  with  expendable  systems,  and  simpler  interfaces. 

3.i)-.2.2  ^Electrical  Power.  The  on-board  checkout  and  control  functions,  dis- 
cussed in  section  8.2,  require  more  power,  an  effective  interface  with  the 
shuttle  data  bus,  and  some  crew  participation. 

3. 4. 2. 3 Man-Safety . The  manned  shuttle  imposes  additional  safety  considera- 
tions not  usually  required  for  unmanned  launches;  however,  the  low-cost  design 

j 
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philosophy  that  reduces  weight  and  volume  constraints  allows  use  of  large 
safety  factors  for  both  structures  and  pressure  vessels, 

3. 4. 2. 4 Abort,  Shuttle  abort  modes  require  payload  adaptability  to  propellant 
dump,  pressure  reductions  and  other  safety  measures,  and  a self-safxng  require- 
ment is  imposed  for  the  payload  recovery  mode. 

3. 4. 2. 5 Contaminants.  Contamination  control  is  a problem  with  a vehicle  such 
as  the  shuttle  which  is  reused  many  times  and  the  cargo  bay  is  open  much  of  the 
time  on  the  ground.  This  problem  is  further  complicated  when  there  are  a mul- 
tiplicity of  individual  payloads  making  up  the  cargo.  Solutions  may  not  he 
entirely  common  with  all  payloads  but  are  considered  to  be  simpler  with  re- 
laxed weight  allowances  (so  that  protective  coverings  can  be  used  on  critical 
payloads) . 

3. 4. 2. 6 Ground  Handling  and  Launching.  Special  consideration  should  be  given 
to  the  payload  installation  or  landing.  When  an  expendable  launch  vehicle  is. 
used,  the  mating  of  the  payload  to  the  booster  is  usually  done  at  the  launch 
pad  as  one  of  the  final  steps  in  the  launch  vehicle  build-up.  Interface's  are- 
verifled  aM  joint  flight  acceptance  combined  tests  or  simulated  flints  are 
performed  as  a prerequisite  for  initiation  of  final  servicing,  countdown  and 
launch.  If  trouble  develops  in  the  payload  it  can  usually  he  replaced  without 
removing  the  launch  vehicle  from  the  launch  stand.  Shuttle  payloads,  on  the 
other  hand,  are  installed  in  the  protected  environment  of  the  shuttle  mainten- 
ance facility,  or  with  the  shuttle  in  the  horizontal  attitude.  Handling, 
checkout,  repaj-r  or  adjustment,  alignment  and  compatibility  testing  is  probably 
much  easier  in  this  environment.  These  events  start  15  or  l6  work  shifts  be- 
fore launch,  are  completed  in  five  or  six  8-hour  shifts,  and  launch  operations 
from  then  on  are  virtually  independent  of  the  payloads,  except  for  automatic 
status  monitoring  and  aliveness  verification  tests.  Should  diffictilty  develop 
with  a low-cost  payload,  limited  access  within  the  cargo  bay  is  possible  for 
module  replacement. 
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3. 4.2.7  Special  Propulsion  Stages.  Some  payloads  require  propulsion  stages, 
or  tugs,  to  place  them  in  the  desired  orbits.  This  introduces  the  additional 
payload/tug  interfaces,  as  well  as  the  tug/shuttle  interfaces.  The  mechanical 
interfaces  are  straightforward,  and  are  discussed  in  section  8.3* 

3.4.2. 8 Transportation  System  Capability.  Because  so  many  of  the  payloads  in 
the  mission  model  are  destined  for  synchronous  orbit,  the  Space  Tug  performance 
is  particularly  important.  Fig.  3-31  shows  the  effect  of  optimizing  the  tug 
for  syneq  round  trip  missions.  Comparative  data  is  shown  graphically  in  Fig. 
3-32,  illustrating  the  increased  capability  obtainable.  Because  the  low-cost 
SEO  is  essentially  saturating  the  capability  of  the  34.5  ft  (l0.5m)  'fc'u.g, 
further  study  of  increasing  the  tug  length  and  capability  appears  desirable 

so  that  single  "round  trip"  missions  can  be  flown  to  syneq  orbit  for  SEO  type 
payload  replacement. 

3 -4. 2. 9 Propellant  Loading,  Vent,  Dump.  As  long  as  the  tug  and  shuttle  pro- 
pellants are  ccmpatible,  several  options  exist  for  loading,  transfer  or  dumping 
for  abort,  and  refueling  on  orbit.  If  the  tug  is  not  cross -plumbed  to  the  or- 
hiter,  safety  considerations  will  probably  dictate  the  ability  to  rapidly  dump 
the  tug  propellants  to  reduce  hazards  and  landing  loads.  One  solution  is  to 
provide  fill/dtm^)  couplings  as  part  of  the  shuttle  cargo  bay  doors  or  door 
access  ports;  after  payload  installation  the  tug  is  connected  by  short  internal 
umbilicals  to  these  couplings.  Pressurants  and  purge  gas  are  carried  in  the 
cargo  bay  to  expel  propellants  and  provide  a safe,  inert  nitrogen  atmosphere 
in  the  bay  during  this  phase  of  a shuttle  abort. 

3.4.2.10  Multiple  Payload  Checkout.  Tug  checkout  may  be  accomplished  in  the 
same  manner  as  payload  checkout,  and  may  even  use  the  same  payload  test  set 
(section  8.2),  perhaps  slightly  expanded  if  different  telemetry  systems  and 
frequencies  are  employed.  Pre -deployment  checkout  sequences  need  further 
study  to  determine  time  allocations  and  priorities;  for  exaaiple,  should  the 
tug  or  the  payload  he  checked  out  first  In  an  SEO  mission?  Obviously,  if 
either  is  faulty  after  ascent  the  shuttle  makes  salvage  possible  by  its 
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(jO 

I 

a\ 


Nominal 

Aerospace 


W. 


Tug 

Propel!. 

(lb) 


Tug 

Inert 

(lb) 


57, 760 


6,840 


Nominal 

LMSC 


56,552 


7,214 


(equiv.) 


Optimized 

for 

SYNEQ 

(UVISC) 


64,663 


7,727 


* Includes  residuals  and  RCS 


Fig.  3-31  Tug 


Tug 

Total 

(lb) 

SEO 

Total 

(lb) 

Payload 

Separ. 

(lb) 

Length 

Tug 

(ft) 

63, 600 

2,360 

65,960 

34.5 

63, 766 

2,700 

66,466 

34.5 

72,390 

3,610 

76, 000 

37.0 

1 lb  = .^536  kg 
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Fig.  3-32  Comparative  Data  for  Syneq  Round  Trip** 
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ability  to  return  the  cargo  to  earth.  Some  repair  by  modular  replacement  is 
possible  for  the  low  cost  SEO,  but  perhaps  the  same  modular  concepts  could  be 
applied  to  tug  design. 

3.4.2.11  Special  !Thermal  Protection.  The  same  considerations  of  thermal 
radiation  and  acoustic  damping  apply  to  various  payloads  with  perhaps  addi- 
tional thermal  barriers  required  between  tug  (cryogenic  propellants)’  and  pay- 
load  if  long  pad  hold  and/or  coast  times  are  necessary;  such  provisions  could 
also  be  necessary  within  the  payload  fairing  for  an  expendable  launch  system. 
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Section  4 

PAEA^^ETRIC  COST  OITIMIZATIOIT  OS'  PAILOAD  SYSTEMS 


Estimates  of  payload  cost  reductions  that  could  he  anticipated  from  the  intro- 
duction of  new  launch  systems  were  needed  soon  after  the  initiation  of  this 
Study.  Aerospace,  as  the  Fleet  Analysis  contractor,  needed  estimates  of  cost 
reductions,  together  with  new  weight  and  voltmie  estimates  as  inputs  to  their 
Capture  Analysis.  Since  design  studies  would  not  he  completed  until  later  in 
the  Study,  a parametric  cost  optimization  analysis  was  conducted  using  the 
baseline  payloads  for  starting  values,  thereby  providing  the  required  data  for 
use  by  Aerospace  in  the  preparation  of  their  Interim  Report. 

4.1  COST  OPTIMIZATIQCT  APPROACH  AHD  METHODOLOGY 


Proposed  new  launch  vehicle  systems  introduce  drastic  changes  in  design  and 
operational  constraints  for  space  payloads,  including: 

(1)  greatly  relaxed  wei^t  and  volume  restraints 

(2)  new  capability  for  orbit  revisit  and  refurbishment 

(3)  decreased  cost  and  increased  reliability  of  launch  systems 

The  benefits  from  (l)  are  relatively  direct,  but  must  be  realized  by  distribu- 
ting them  betvvreen  subsystems  in  an  approximately  optimal  manner.  Those  from  (2) 
and  (3)  involve  total  program  considerations  and  can  only  be  fully  realized  by 
restating  payload  design  requirements  and  constraints  in  terms,  for  example,  of 
the  changes  in  operational  philosophy  required  to  fully  exploit  Shuttle  launch. 


4.1.1  Cost  Optimization  Approach 

The  cost  optimization  methodology  adopted  uses  as  a baseline  and  point  of  de- 
parture historical  data  on  actual  payloads  of  conventional  design.  By  means 
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of  parametric  mathematical  models  these  are  then  reoptimized  to  respond  to  the 
new  design  and  operational  environment.  These  models  are  modular,  so  that  spe- 
cific suhsystem  models  can  either  he  adjusted  by  changes  in  parameters  or  re- 
placed in  toto  as  improved  data  becomes  available. 

The  optimization  criterion  chosen  is  that  of  minimum  program  cost  maintaining 
program  objectives,  including  program  duration,  mission  data  requirements  and 
mission  performance  requirements,  constant.  The  number  of  launches  required 
during  the  program  is,  however,  optimized. 

Optimization  is  by  a general  optimization  computer  program  called  POP,  derived 
from  the  SWORD  computer  program,  which  minimizes  program  cost  for  each  payload 
and  launch  vehicle  combination  by  appropriate  allocation  of  weight,  cost  and  re- 
liability among  subsystems,  using  the  parametric  model  of  the  payload  to  iden- 
tify the  most  desirable  allocation  of  these  resources . 

4.1.2  Payload  Optimization  Computer  Program 

The  Payload  Optimization  Program  (POP)  was  employed  to  minimize  the  total  pro- 
gram cost  hy  finding  the  optimum  values  of  the  wei^t,  reliahility^and  compon- 
ent reliability  (or  quality)  of  each  subsystem  subject  to  a constraint  on  total 
payload  wei^t  and  subject  to  a required  program  operating  time  and,  as  appro- 
priate to  certain  space  shuttle-launched  missions,  mission  time  between  ground 
refurbishments  or  on-orbit  maintenance.  Thus,  POP  served  as  the  analytical  tool 
for  integrating  and  evaluating  on  a standard  basis  all  the  input  baseline  and 
asymptotic  data  on  costs,  wei^ts  and  reliabilities. 

4. 1.2.1  Gradient  Optimization  Method.  SWORD  and  POP  utilize  an  iterative  step- 
by-step  optimization  scheme.  At  each  step,  all  the  independent  variables  (i.e., 
the  subsystem  wei^ts,  reliabilities  and  component  reliabilities)  are  incremen- 
ted in  an  attempt  to  inrprove  the  payoff  quantity  (total  program  cost)  and  to 
hold  the  constrained  variable(s)  (the  total  payload  weight)  constant.  The 
mathematical  principle  behind  each  step  is  expressed  as  follows: 
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6X 


■n 

sx  " 


5w  ^ 


where  X 


the  vector  of  all  the  independent  variables 


T|  = a vector  of  wei^ting  factors  which  act  as  scaling  factors 
and  convergence  adjusters 


f = payoff  quantity 

w = vector  of  (all)  the  constrained  variable(s) 

^ - variable  coefficients  which  set  the  size  of  each  incremental 
change  and  which  determine  the  relative  improvement  in  f and 
the  correct ion(s)  in  w. 


The  iterations  cease  when  is  acceptably  small  or  when  the  maximum  allowable 
number  of  steps  has  been  tahen,  this  number  being  selected  by  the  user  for  each 
computer  run. 


After  POP  was  coded  and  in  operating  condition,  about  a month  was  spent  in  test- 
ing and  revising  the  models,  con5)aring  preliminary  results  with  practical  de- 
sign experience,  trying  gain-setting  methods  and  testing  the  program's  conver- 
gence. A simple  'eflective  rule  wa^eveloped“foFi;hitially ■setting''the  gains. 
The  program's  convergence  was  tested  by  attempting  to  find  a solution  to  ex- 
tremely different  cases  from  entirely  different  starting  values  of  the  indepen- 
dent variables.  The  following  table  summarizes  the  degree  of  agreement  between 
the  converged  solutions: 


Item 


Differences  in  Agreements  Between 

Initial  Values  Converged  Solutions 


Total  program  cost 
Subsystem  wei^t 
Subsystem  reliability 
Component  reliability 


19  - 320fo 
3 - 22/0 
7 - 80^ 


0.05  - 0.3^ 

0 - 3 ^ 
0.16  - 0.9^ 
0.2  - 5 i 


^-3 
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ITot  only  does  this  table  describe  the  quality  of  convergence  but  it  also  demon- 
strates that  (1)  for  these  examples,  there  do  not  appear  to  be  any  local  minima 
near  the  optimum  solutions  that  could  cause  spurious  results,  and  (2)  the  vari- 
ation in  the  value  of  the  payoff  quantity  (total  program  cost)  is  about  an  order 
of  magnitude  smaller  than  the  disagreements  in  the  independent  variables;  that 
is,  small  changes  in  the  independent  variables  have  little  influence  on  the  op- 
timum payoff  value. 

4.1.3  Model  Algebra  - Subsystem  Models 

The  subsystem  models  consist  of  algebraic  expressions  defining  the  RET&E  and 
unit  costs  of  each  subsystem  "3"  as  functions  of  the  subsystem  weight  and  re- 
liability. Optionally,  tabulated  data  could  be  used  instead  of  algebraic  ex- 
pressions. Operations  costs  were  not  so  expressed  in  the  present  analyses  but 
were  included  as  constant,  non-tradeable  terms  in  the  total  cost.  Each  model 
is  a sub-routine  of  the  main  program  and  can  readily  be  replaced  wholly  or  in 
part  by  an  improved  model.  Additionally,  each  such  model  can  be  adjusted  to 
represent  specific  cases  by  appropriate  selection  of  parametric  coefficients. 

Two  dimensional  relationships  are  first  considered  below,  between  costs  and 
subsystem  weight,  unit  reliability  and  redTindancy  in  turn.  These  are  then  com- 
bined into  single,  multi-dimensional  expressions. 


4. 1.3.1  Subsystem  Cost  vs  Weigdit.  For  this  study  it  was  necessary  to  develop 

cost  Vs  wei^t  relationships  that  reflected  the  frequently-expressed  belief 

that  increasing  the  allowable  wei^t  (for  any  particular  subsystem)  would  have 

the  effect  of  decreasing  the  total  cost  of  that  subsystem.  Traditional  cost  vs 

P ( 

weight  CERs  exhibit  the  opposite  trend  as  shown  in  Fig.  4-1,  with  costs  increas- 
ing with  increasing  wei^t.  Such  CERs,  while  valuable  in  deriving  planning  es- 
timates for  costs  of  spacecraft,  have  been  developed  utilizing  historical  data 
from  a large  number  of  missions  whose  objectives  (and  hence  subsystem  require- 
ments) have  varied  greatly,  one  from  another.  The  increasing  weight,  in  many 
cases,  reflects  increasing  capability  as  well  as  increasing  costs. 
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Fig.  4-1 -Traditional  Cost  vs  Weight  CER 
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Hypothetical  cost  vs  wei^t  relationships  for  subsystems  wherein  the  function- 
al requirements  have  been  held  constant  are  shown  in  ^ig.^-S  . Somewhat  the 
same  characteristics  are  displayed  by  all  those  shown;  as  the  weight  limits  are 
Icn^ered,  the  costs  necessarily  increase  because  of  the  need  to  miniaturize  com- 
ponents, etc.  On  the  other  hand  as  the  weight  increases  further,  the  costs  ul- 
timately begin  to  rise  again  due,  as  much  as  anything  else,  to  the  cost  per 
pound  of  the  materials.  For  different  subsystems  it  is  expected  that  the  spe- 
cific shapes  will  vary,  but  the  characteristics  of  the  curves  are  similar  from 
one  subsystem  to  another. 

While  it  was  not  possible  to  develop  cost  vs  weight  relationships  that  extend 
over  the  full  range  of  potential  weights,  it  was  possible  to  approximate  such 
curves  for  relatively  small  increases  in  subsystem  wei^t.  In  Pig,  4-3  are 
demonstrated  the  steps  required,  beginning  with  the  cost  and  weight  of  the  base- 
line payload  subsystem,  estimating  the  asymptotes  depicting  the  minimum  weight 
regardless  of  cost  and  the  minimum  cost  regardless  of  weight  respectively,  and 
constructing  a hyperbola  through  the  baseline  point  and  asymptotic  to  the  two 
lines.  The  resulting  relationship,  while  not  exact,  permits  an  approximiation 
of  the  effects  of  increasing  weight  while  maintaining  functional  requirements 
a constant. 

It  is  mechanized  in  the  following  form  for  unit  costs  Cuj  of  subsystem  "j"  and 
in  a precisely  parallel  form  for  RDT&iS  costs  Crj* 
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ASYHPTOTS  - MINBIUM  KSIGHT 
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“I 

V 

A- 
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SUBSYSTEJ^  WEIGHT 
B 


<»■ 


CO 

CO 

g 

03 


CURVE  - VARIATION  t 
OF  C0STA-EIG!HT  i 


SUBSYSTEM  WEIGHT 


IDENTIFY  THE  APPORTIONED  COST  OF 
A SUBSYSTEM  (PORTION  OP  TOTAL 
PROGRAM  COST  DIVIDED  BY  QUANTITY 
OF  FLIGHC  ARTICLES) 


BY  ANALYSIS  AND  INSPECTION  OP  PAR- 
TICULAR SUBSYSTEM  REQUIREMENTS, 
DETERMINE  THE  ASYMPTOTES: 

(1)  LOWEST  COST,  DISREGARDING 
WEIGHT 

(2)  LOWEST  COST,  DISREGARDING 

coai: 


CONSTRUCT  AN  HYPERBOLA  THROUGH 
THE  BASELINE  DATA  POINT  AND  THE 
TWO  ASYMPTOTES. 

THIS  REPRESENTS  THE  APPROXIMATE 
RELATIONSHIPS  OP  WEIGHT  AND  COST 
FOR  OTHER  DESIGNS  OP  THE  SUB- 
SYSTEM, ASSUMING  THAT  THE  FUNC- 
TIONAL CAPABILITY  OP  THE  SUB- 
SYSTEM REMAINS  CONSTANT 


Fig.  k-3  DEVELOPMENT  OP  A TYPICAL  SUBSYSTEM  COST  VERSUS  WEIGHT  MODEL 
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^0 


C -V 

c , 

nom 

W. 


¥ 


¥. 


Dn 


r I 1 4-  CCun'b/C-a.im  - l)  (W.jb  - ¥,im)  ' 
ujt)  L ¥j  - ¥jm 

= unit  cost  of  baseline  subsystem  "j” 

= minimum  unit  cost  regardless  of  weight 

= wei^t  of  subsystem  "j” 

= wei^t  of  baseline  subsystem  "J" 

= minimum  weight  regardless  of  cost 


(4-1) 


Ihe  parallel  form  for  subsystem  BDT&E  costs  is,  of  course, 


C . 

ro 


= C 


roh 


{ 


(C 


1 + 


r.ib/  r,im 


-1)  - W_) 


¥.  - ¥. 


am 


} 


(4-2) 


In  the  first  iteration,  the  baseline  values  for  subsystem  costs  and  wei^t  are 
those  derived  from  the  historical  data  from  actual  payloads.  In  later  itera- 
tions, however,  one  may  substitute  data  derived  from  other  payload  preliminary 
design  data. 


4. 1.3. 2 Subsystem  Cost  vs  Reliability.  Subsystem  reliability  can  be  varied  by 
varying  unit/component  quality  or  by  varying  redxxndancy,  the  optimum  choice  de- 
pending on  the  constraints  imposed  on  the  system.  For  example,  if  low  payload 
weight  is  essential,  high  component  reliability  is  generally  preferable  to  re- 
dundancy as  a means  of  achieving  reliability.  On  the  other  hand,  if  low  cost 
is  a primary  objective  and  weight  is  not  critical  the  reverse  may  be  true,  if 
practically  possible.  It  is  therefore  important  to  represent  both  mechanisms 
in  the  model. 


If. 1.3. 3 Unit  Quality.  There  is  evidence  to  support  models  for  both  EDT&E  and 
unit  costs  of  the  form  (for  a fixed  nominal  mission  duration). 


cost  0=  MEBF 


^ 1 - In  (reliability)} 
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Specifically,  the  relationship  has  been  applied  as 

follows: 

unit  cost 

C . = C 
uj  ujb 

(1^-3) 

RDT&E  cost 

C . C „ 
rj  = rjb 

In  R . ^ 

(4-4) 

cd 


"tmit/component  reliability"  in  subsystem  "J" 
corresponding  reliability  in  baseline  subsystem 

The  physical  quantity  involved  here  is  the  ratio  of  the  failure  rate  of  the 

proposed  subsystem  to  that  of  the  baseline  subsystem,  the  quantity  R . being 

cj 

of  the  nature  of  a dummy  variable  to  represent  the  failure  rate  of  a system 
with  the  same  redundancy  as  the  baseline  system  but  differing  component  quality. 
For  convenience  in  later  combination  of  the  ejcpression  for  the  effects  of  com- 
ponent quality  and  of  redundancy,  the  above  quantities  were  actually  defined  in 
the  model  as  followsr 


where  R . = 
CJ 


-v= 

c^b 


R 


cjb 


= reliability  of  baseline 


subsystem  (= 


R . 


= reliability  of  subsystem  with  the  same  redundancy  as  the 
baseline  system  but  differing  ccanponent  quality 


4,1.3.^  Subsystem  Cost  and  Weight  vs  Redundancy.  Much  dedicated  e3(pertise  has 
been  devoted,  successfully,  to  develop  methodologies  by  which  to  optimize  the 
redundancy  logic  of  complex  subsystems  for  cost,  weight  or  some  combination  of 
these.  These  methodologies  are  hi^ly  effective  in  their  specific  applications. 
The  present  need,  particularly  for  the  first  iteration  of  payload  reoptimization 
to  the  new  environment,  is,  however,  for  rather  general  models  which  will  gener- 
ate approximate  subsystems  requirements  and  goals  for  the  totally  new  systems 
operational  environment  and  will  effectively  focus  detailed  analyses  in  the 
right  areas.  The  models  proposed  below  therefore  emphasize  ease  of  application, 
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subject  to  correct  identification  of  the  trends  and  the  optimum  areas  to  direct 
more  detailed  analyses . 

4. 1-3. 5 Redundancy  hy  Subsystem.  The  reliability  relationship  for  n subsys- 
tems in  parallel  can  be  expressed  in  the  form 

1 - R(n)  = |l  - E(l) f (4-5) 

Standby  redundancy,  "which  is  more  efficient,  is  expressible  in  the  somewhat 
more  inconvenient  form 

S(n)  = R(l)  S (4-6) 

3 = 1 


It  is  desirable  to  avoid  having  a zero  redundancy  case  as  a cost  reference  in 
this  application  since  the  baseline  payload  "will  in  general  incorporate  redxm- 
dancy.  The  zero  red"undancy  case  is  used  in  "the  following  formula. 


C . W. 


n 


baseline 


= 1 + 


In  (1  - R.)  - In  (1  - E.,.) 

ib 

i (1  - 


(4-7) 


where  = reliability  of  baseline  subsystem  with  no  redundancy.  Since  this 

expression  is  insensitive  to  the  term  in  this  need  not  be  determined  very 

precisely. 

On  the  assumption  that  subsystem  cost  and  weight  are  proportional  to  the  number 
of  replicate  subsystems  the  above  expression  is  exact,'  with  a equal  to  zero, 
for  parallel  redundancy  and  is  a good  approximation,  with  = 0.2,  for  standby 
redundancy.  With  oi  equal  to  0.1  it  is  a good  approximation  to  either,  or  to 
a mixed  type  of  redvindaney. 
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In  general  only  part  of  RDT&E  costs  may  be  expected  to  be  proportional  to  re- 
dundancy. RDTSsS  costs  were  therefore  modelled  asstiming  that  a proportion 
of  them  would  follow  a relationship  similar  to  that  for  unit  costs,  so  that 


(1  - + 0?^ 


In  (l-Rj  - In 
in  j 


} (4-8) 


The  value  of 
range  of  0.5  - 


was  estimated  on  a case  by  case  basis  and  was  generally  in  the 

0,7. 


4. 1.3. 6  Redundancy  by  Component . In  addition  to  the  above,  an  alternative  ex- 
pression” has  beSi  develc^ed”foF"Fedundancy  by  component  which,  however”  was  not 
used  in  the  initial  optimization  runs.  This  was  of  the  form 


Cost  _ Weight 

Baseline  Cost  ~ Baseline  Weight 


In  H.  In  ( - In  E.) 

in  in  ( - In  r'L  ) 
3 


where  R.  = number  of  components  in  the  subsystem 

t] 

4. 1.3. 7  Operations  Costs  of  Subsystems.  The  structure  of  the  parametric  model 
allows  the  option  of  modelling  operations  costs  by  subsystem  as  functions  of, 
for  example,  subsystem  reliability.  In  the  present  analyses,  however,  this  op- 
tion was  not  exercised.  Operations  costs  were  included  in  the  total  program 
cost  tradeoff  but  as  an  invariant  item. 


4. 1.3 ,8  Combination  of  Two-Dimensional  Relationships,  EDT&E  and  unit  costs 
have  been  modelled  above  as  functions  of: 


® subsystem  weight 

® subsystem  reliability,  varying  unit/ component  reliability  at  constant 
redundancy 


o 


subsystem  reliability,  varying  redundancy  at  constant  unit/ 
component  reliability 
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It  is  now  necessary  to  combine  these  in  a rational  manner.  In  doing  so,  two 
interactions  between  the  two-dimensional  relationships  have  been  recognized: 

(1)  Changes  in  unit/component  reliability  change  the  reliability  of  the 
baseline  system  to  which  the  cost  vs  "reliability  by  redundancy" 
model  is  applied. 

(2)  Changes  in  redundancy  change  the  weight  of  the  baseline  system  to 
which  the  cost  vs  weight  model  is  applied. 

Item  (1)  has  been  expressed  in  the  manner  shown  below  in  which  the  function 

is  the  ratio  of  the  cost  and  weight  of  the  proposed  subsystem  "j"  to  those 

of  the  baseline  subsystem  "j".  After  the  baseline  costs  have  been  adjusted 

for  changes  in  unit/component  reliability.  This  expression,  which  defines  a 

weight  ratio  as  well  as  a cost  ratio,  is  then  incorporated  into  the  weight/ 

cost  model,  resulting  in  the  total  ("four-dimensional")  model.  The  actual 

subsystem  weight  ¥.,  is,  in  effect,  rescaled  for  the  changes  in  redundancy  in 
d 

order  to  place  it  correctly  on  the  cost  vs  wei^t  curve.  Parallel  relation- 
ships for  RDT&E  costs  are  shown  below. 

It  will  be  noted  that  the  models  are  such  that  segments  of  the  model,  such  as 
the  redundancy  models  "R^" , can  readily  he  changed  if  more  detailed 

analyses  should  so  require. 

Unit  cost  C , is  expressed  as  a function  of  subsystem  weight  W , unit  relia- 
uj  <J 

hility  (R  .)  and  subsystem  reliability  (R Jr 


EEDUKDMCY 


!+-13 

LOCKHEED  MiSSILES  & SPACE  COMPANY 


LMSC-A990556 


where  R = 1 + ^ ~ ~ ' ^.ib  ,_^ 

In  (1  - r“^R^^/R^^;j^)  '+  ci^  In  (l  - 


and  C .,  , W„  , R „ and  R.,  are  baseline  values  (inputs) 
ujb’  jb’  cjb  jb 

C , W "are  minimum  possible  values"  (inputs) 
ujm'’  jn 

^jb^  is  reliability  of  baseline  subsystem  without  redundancy  (input) 


RDT&E  costs  (C  ) are  expressed  as  a function  of  subsystem  weight  (¥.),  unit 
rj  J 

reliability  (r  .)  and  subsystem  reliability  (R,): 


C = C 1 
rj  rjm  \ 


cj 
/In 


R 


In 


R 


cj 


UNIT  RELIABILITY 

(quality) 


r (C  ^/C  . -1)  (W  - W.  ) T 

X 1 + r,ib/  rjm  .jb jm_  1 

L ^ W./R  - W.  J 

y r on 


WEIGIffi 


REDUNDANCY 


where 


1 - 


“3" 


O'- 


, ^ In  (l  - R.)  - In  (1  - E.,  R JR  .,) 
1 i: -CJ^^PQb 

In  (l  - R..  R yR  .,  ) + 

oh  co"^  cjb" 


O'. 


In  Tl  -””R.  ” 

oh. 


and  C J W„  , R and  R.,  are  baseline  values  (inputs) 
ujb’  oh’  cob  oh 

C . , W.  are  "minimum  possible  values"  (inputs) 
ujm’  on 

R is  reliability  of  baseline  subsystem  without  redxindancy 

J 


4.1.4  Model  Algebra-System  Model 

The  total  payload  is  modelled  as  the  sinn  of  the  subsystems,  with  provisions  for 
a residual  "subsystem"  to  take  care  of  costs  not  allocatable  to  hardware  sub- 
systems . The  conventional  subsystems  can  be  subdivided  if  desired  for  model- 
ling convenience  if  the  conventional  breakout  associates  components  with  very 
different  characteristics  from  the  point  of  view  of  the  model. 
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Each  siibsystejn  is  defined  to  the  system  by  the  following? 


subsystem  EDf&E  costs 
subsystem  unit  cost 
subsystem  operations  cost 
subsystem  reliability 
subsystem  weight 


C . 

C . 

c 

opsj 

R. 

w 

2 


The  system  is  then  defined  to  the  optimization  criterion  by  the  following: 


payload  RDT&E  cost 

C = 
r 

E C . 

payload  unit  cost 

C = 
u 

S C . 

payload  operations  cost 

C 

ops 

= s c 

( 

payload  wei^t 

W = 

s w. 

J 

payload  reliability 

R = 

II  R. 
J 

4.1.5  Optimization  Criterion 

The  computer  program  allocates  weight,  reliability  and  cost  among  subsystems 
and  optimizes  the  payload  against  the  launch  vehicle  interface  according  to  a 
defined  optimization  criterion.  The  criterion  presently  selected  is  the  expec- 
ted total  cost  of  the  program  required  to  execute  the  nominal  task  it  is  to 
perform. 

The  program  cost  is  expressed  as  the  sum  of: 

• expected  launch  vehicle  costs  for  the  program,  allowing  for  launch 
vehicle  and  payload  unreliability 

® expected  sum  of  payload  unit  costs,  with  maintenance  and  refurbishment 
where  relevant 

• payload  EDT&E 

® operations  cost 
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A fundamental  and  critical  quantity  which  is  strongly  dependent  on  the  defini- 
tion and  requirements  of  the  program  is: 

M„  ==  expected  numiber  of  successful  missions  per  successful  launch 

bli 

The  quantity  has  been  expressed  in  terms  of  payload  reliability,  E,  where 
the  latter  is  the  probability  that  the  payload,  having  been  successfully 
launched,  will  complete  one  nominal  mission.  In  the  case  presently  modelled 
credit  is  given  for  completing  fractions  of  the  nominal  mission.  I'igure  4-4 
shows  how  M varies  with  payload  reliability  for  two  program  times,  where  the 
latter  are  quoted  in  terms  of  the  nominal  mission  time.  It  should  be  noted 
that  it  is  entirely  possible,  if  the  mission  is  not  terminated  at  the  nominal 
time,  for  the  quantity  to  be  greater  than  imity. 

An  important  practical  case  arises  with  limited  expendables  or  if  subsystems 
or  components  are  expected  to  wear  out,  or  experience  an  intolerable  degree 
of  performance  degradation  as  a result  of  parametric  drift  prior  to  random 
(exponential)  failure.  An  approximate  representation  of  this  case  was  pro- 
vided by  providing  for  truncation  at  a single,  representative  time  equal  to 
nominal  missions. 

4. 1.5.1  Total  Program  Cost  Including  On-Orbit  Maintenance  and/or  Ground 
Refurbishment . This  cost  model  applies  to  the  operational  mode  in  which  a 
payload  is  maintained  on  orbit  during  the  operating  mission  life  of  a set  of 

I 

I ^ 

experiments/sensors,  is  retrieved  from  orbit  and  returned  to  the  ground  for 
refurbishment  and  re-outfitting  with  a different  set  of  experiments/sensors, 
and  is  then  returned  to  orbit  for  the  next  mission  period.  There  may  be  sev- 
eral cycles  of  refurbishment  during  the  entire  time  of  program  performance. 
Each  period  between  the  initial  launch  and  the  first  refurbishment,  between 
refurbishments , or  between  the  last  refurbishment  and  the  end  of  the  fli^t 
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program  is  termed  a "mission  tlock";  to  simplify  the  parametric  analysis,  it 
was  asstmied  that  dxiring  a particular  fli^t  program  all  the  mission  "blocks  had 
the  same  duration. 

The  total  program  cost  is  found  as  follows: 

" ^r  °OPS  ^L7 

where  Cr  = total  EDTS33  cost 

C = total  unit  cost  with  orbital  maintenance  and  refurbishment 
u/MR 

T :=  duration  of  the  program 
P 

Copg  = total  program  operational  cost  per  unit  of  time 

N = number  of  launches 
Lv 

0^.,^  = cost  of  each  launch 

Jj  V 


The  total  unit  cost  is  composed  of  the  following  terms; 


u/MR  u I®  EEF 
where  = sum  of  the  payload  unit  cost 

B = number  of  mission  blocks  in  the  total  flight  program  = ’tAm 


T„  = duration  of  a mission  block 
M 


^MT  ~ “aintenance  cost  per  mission  block  = '^W'^u 

M—  = expected  payload  life  per  successful  launch 
SXj 


= ratio  of  maintenance  to  unit  costs 


= total  refoorbishment  cost  = (B-1) 

Eppp  = ratio  of  refurbishment  to  unit  costs 
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The  nimiber  of  launch  vehicles  is  found  by  summing  up  the  following  require- 
ments: 


= B (one  initial  launch  + number  of  maintenance  launches  per  mission 
block) 


+ number  of  launches  to  retrieve  payload,  for  refurbishment s 

= B * (V“gn, 

- (V“8L>  ^ ^ 


where  P = expected  probability  of  launch  success. 

L 

4 .1.5. 2 Total  Program  Cost  Without  Maintenance  or  Refurbishment.  In  the  case 
of  the  expendable  payload,  which  is  neither  maintained  nor  refurbished,  the 
expression  for  expected  program  cost  becomes  much  less  complex,  as  follows: 


Expected  program  cost 

^PE  = "r 

(EDT&E  cost) 

+ 

(payload  unit  costs) 

^P  %PS 

(operations  costs) 

+ 

^LV  ^LV 

(launch  vehicle  costs) 

where 

II  11 

number  of  launches  required 

4.2  DEVELOPMENT  OF  COMEUTEE  IHPUT  BATA 

The  preceding  section  describes  a general  parametric  model  of  the  payload  and  _ 
of  its  interface, with  the  launch  vehicle.  This  section  describes  the  applica- 
tion of  this  model  to  each  payload/launch  vehicle  combination,  the  development 
of  estimates  of  the  model  coefficients,  and  the  use  of  techniques  for  modifying 
the  analysis  model  so  that  it  was  compatible  with  design  reality. 
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4.2.1  Evaluation  of  Cost -Reduct ion  Potential 

The  first  step  in  the  determination  of  cost  reduction  potential  in  each  of  the 
baseline  payloads  was  the  general  design  analysis  of  each  subsystem.  Those 
characteristics  of  the  hypothetical  low-cost  payloads  showing  cost  reduction 
potential  were  identified  and  their  influence  upon  payload  program  costs  were 
qualitatively  evaluated  in  terms  of  high  effect,  moderate  effect,  or  low  effect. 

The  next  step  involved  the  more  detailed  assessment  of  program  costs  in  terms 
of  the  amount  of  cost  reduction  which  could  be  obtained.  To  assure  that  all 
cost-reduction  areas  were  being  considered,  a "checklist”  type  of  matrix  was 
prepared.  All  cost-reduction  assumptions  were  listed  and  cross-correlation 
to  the  affected  cost  categories  was  identified.  The  matrix  later  was  used  as 
a reference  in  estimating  the  cost  reductions  possible  in  each  of  the  cost 
categories . 

4.2.2  Determination  of  Computer  Input  CERs 

One  of  the  basic  inputs  to  the  cost-optimization  computer  program  is  the  weight- 
versus-cost  Cost  Estimating  Relationships  (CERs) . The  development  of  these  CERs 
is  described  in  the  following  paragraphs . The  traditional  CER  is  a curve  which , 
provides  increase  of  cost  with  increase  in  wei^t  of  a subsystem.  These  histor- 
ical curves  were  usually  developed  using  data  from  various  types  of  payloads 
wherein  increase  in  subsystem  wei^t  was  synonymous  with  increased  complexity 
and  performance  capability  of  the  subsystem;  the  cost  of  the  more  complex  or 
hi^er  capability  subsystem  was  therefore  higher  also. 

In  the  Payload  Effects  Study,  the  performance  (and  the  complexity)  of  each  sub- 
system has  been  assumed  a constant.  Any  increase  in  wei^t  of  the  subsystem 
will  allow  use  of  simpler  design  approaches,  less-dense  packaging,  a decrease 
in  intra-connect  complexity,  use  of  less-costly  materials,  and  similar  cost- 
reduetion  approaches.  The  cost  of  the  subsystem  will  therefore  decrease  as 
the  weight  is  increased. 
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4. 2. 2.1  Development  of  New  Cost-Weight  CER.  A "standardized"  CER  for  use  with 
the  POP  computer  program  has  been  developed  to  cover  this  condition  and  is 
shown  in  Fig.  4-5.  In  the  constiuction  of  this  CER,  the  two  asymptotes  must 

be  established  and  a hyperbola  curve  through  the  baseline  cost/wei^t  point 
and  asymptotic  to  the  two  lines  then  represents  the  cost-weight  relationship. 
Ihe  logic  involved  in  the  selection  of  the  hyperbola  and  its  limitations  were 
described  in  par.  4. 1.3.1  As  sho^m,  the  horizontal  asyirptote  represents  the 
minimum  cost  of  the  subsystem  if  no  constraint  is  placed  upon  wei^t . The  ver- 
tical asymptote  represents  the  minimum  weight  of  the  subsystem  if  no  constraint 
is  placed  upon  cost.  The  algebraic  equivalent  of  this  curve  was  provided  to 
the  cost-optimization  computer  program.  Curves  were  developed  separately  for 
EDT&E  cost  vs  weight  and  Unit  Recurring  Cost  vs  Weight.  The  actual  shape  of 
this  curve  was  not  Imown  at  this  stage  of  the  analysis.  The  assumed  hyperbolic 
shape  does,  however,  represent  a convenient  initial  mechanization  of  the  fact 
that  decreasing  cost  returns  will  be  experienced  as  weight  is  increased. 

4. 2. 2. 2 Estimation  of  the  Minimum  Weight  Asymptotes . The  minimum-wei^t 
asymptotes  were  estimated  for  the  RDTSoS  and  Unit  Recurring  cost  of  each  sub- 
system, of  each  payload,  in  combination  with  a particular  launch  vehicle  type. 
Since  preliminary  analyses  had  indicated  that  this  assnnptote  was  not  particu- 
larly influential  in  forecasting  low-cost  estimates,  a detailed  analysis  of 
minimum  weights  was  not  performed.  Rather,  approximate  engineering  estimates 
were  made . 

4. 2. 2. 3 Estimation  of  the  Minimum-Cost  Asymptotes.  Considerable  care  was 
exercised  in  deriving  the  minimum-cost  asymptotes  of  the  CERs . Each  cost  cate- 
gory within  the  RDT&E  and  Unit  Recurring  areas  was  individually  inspected  and 
the  approximate  amount  of  cost  reduction  estimated.  All  of  the  cost -reduet  ion 
assumptions  listed  were  applied.  The  cost  reductions  were  summed  by  subsystem 
for  each  payload/launch  vehicle  combination;  these  in  turn  were  subtracted  fl-om 
the  corresponding  baseline  costs  (with  proper  factors  applied)  to  obtain  the 
minimum-cost  assrmptotes . Figures  4-6  through  4-9  are  tabulations  of  these  de- 
rived CER  asymptotes;  these  data  were  provided  as  inputs  to  the  cost -optimiza- 
tion computer  runs . 
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A = ESTIMATED  COST  (MUDMJM)  OF  SUBSYSTEM 
(WITH  SUBSYSTEM  EERFOEMAWCE  = CONSTANT) 

B = EgriMATED  WEIGHT  (MIMIMM)  OF  SUBSYSTEM 

(with  subsystem  peeformahce  = constant) 


SUBSYSTEM  WEIGHT 


Fig.  k-5  Typical  CER  - Cost  vs  Weight 
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LAUNCH* 

'""-••'--.SffiHICLE 

RDT&E  COST  ($1000) 

UNIT  RECURRING  COST  ($1000) 

SUBSYSTEM 

ACE 

ICE 

SS 

ACE 

LCE 

SS 

EXPERIMENTS 

' 300 

300 

176 

47 

47 

47 

STRUCTURES  & 
I4ECHANISMS 

600 

600 

390.. 

24 

24 

24 

ELECTRICAL  & 
PYRO 

2,450 

1,650 

1,200 

250 

250 

- 189 

STABILIZATION 
& CONTROL 

70 

70 

27 

16 

16 

16 

PROPULSION 

ATTITUDE  CONTROL 

275 

275 

275 

50 

50 

50 

CDPI 

2,500 

2,500 

1,150  

225 

225 

225 

BNVIRONMEn<]TAL 

CONTROL 

150 

150 

75 

22 

22 

22 

* ACE  = Alt . Current  Expendable 
LCE  = Low-Cost  Expendable 
SS  = Space  Shuttle 


Fig.  4-6  GER  ICmiMJM  COST  ASYMKOTES  - SRS 
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LAUNCH* 

VEHICLE 

SUBSYSTEM  ' ^ 

RDT&E  COST  ($1000) 

UNIT  RECURRING  COST  ($1000) 

ACE 

LCE 

SS 

ACE 

LCE 

SS 

EXEERIlffiPTS 

- 7,217 

6,217 

3,017 

6,250 

4,650 

4,250 

STRUCTURES  & 
MECHANISMS 

8,174 

7,294 

4,544 

4,100 

3,200 

3,200 

ELECTRICAL  & 
FYRO 

1^,333 

' 13,483 

7,083 

2,800 

2,800 

2,350 

STABILIZATION 
& CONTROL 

69,269 

6^,969 

29,969 

l 

10,200 

8,800 

5,900 

EROHJLSION 

ATTITUDE  CONTROL 

2,995 

2,995 

1,505 

230 

230 

230 

CDPI 

37,923 

30,123 

14,623 

4,230 

4,100 

2,680 

environmental 

CONTROL 

5,735 

5,405 

3,295 

750 

1,300 

1^3  W 

* ACE  = Alt.  Current  Expendable 
LCE  = Low-Cost  Expendable 
SS  = Space  Shuttle 


Fig.  4-7  CER  MIEIMCIM-COST  ASYMETOTES  - OAO(B) 
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LAIMCH* 

VEHICLE 


KDT&E  COST  ($1000) 


SUBSYSTEM 

ACE 

LCE 

EXPERIMENTS 

30,291  . 

30,291 

STRUCTUeES  & 
MECHAHISMS 

6,200 

6,200 

ELECTRICAL  & 

mo 

8,046 

8,o46 

STABILIZATIOE 
& COHTROL 

7,020 

7.020 

EROPULSIOI 

ATTITUDE  CONTROL 

l,8l4 

l,8l4 

CDPI 

19,901 

19,901 

EHVIRONMEE'ITAL 

CONTROL 

105 

105 

* AGE  = Alt . G-urrent  Expendable 
LCE  = Low  Cost  Expendable 
SS  = Space  Shuttle 


Pig.  h-Q  CER  MXKIMJM-' 


UHH  EECUERIWG  COSE  ($1000) 


SS 

AGE 

LCE 

SS 

16,211 

l,4l4 

l,4l4 

1.139 

..3,600 . 

1,100 

1,100 

900 

4,086 

1,436 

. 1,436 

1,161 

4,000 

950 

950 

800 

1,253 

173 

173 

118 

1Q,.7.71... 

2,071 

2,071 

..1,.^21 

105  II  35  I 35  I 35 


ASmPTOTES  - SEO 
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LAUNCH* 

VEHICLE 


EDISsE  COST  ($1000) 


SUBSYSTEM 

ACE 

LCE 



EXPERIMENTS 

29,290 

29,290 

STRUCTURES  & 
MECHANISMS 

6, 800 

6,800 

ELECTRICAL  & 
PYRO 

8,200 

8,200 

STABILIZATION 
& CONTROL 

7,500 

7,500 

PROPULSION 

8,500 

8,500 

ATTITUDE  CONTROL 

l,8l4 

l,8l4 

CDPI 

20,000 

20,000 

ENVIRONMENTAL 

CONTROL 

215- 

■ - 

* ACE  = Alt.  Cturrent  Expendable 
LCE  = Low  Cost  Expendable 
SS  = Space  Shuttle 


Eig.  U-9  CER  MINIMUM-COST 


UNIT  RECURRING  COST  ($1000) 


SS 

AGE 

LCE 

SS 

15,200 

8,400 

3,4oo 

2,800 

3,95.0  .. 

1,050 

- 1,050 

800 

4,200 

1,500 

1,500 

1.800 

4.500 

_....1,950  . _ 

1,950 

1.600 

8,000 

250 

250 

220 

1,258 

167 

167 

120 

10,900 

2,800 

2,800 

2,100 

215 

40 

40  _ 

4o 

ASYMPTOTES  - MARS  OEBITER 
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^•^•3  Model  Modification  for  Design-  ifiracticability 

As  the  parametric  analyses  progressed  it  was  iound  necessary,  as  mi^t  he  ex- 
pected to  mahe  adjustments  to  and  impose  constraints  on  the  model  to  represent 
limits  iri^osed  by  consideration  of  design  practicability. 

^.2.3*1  Subdivision  of  Subsystems . When  a subsystem,  such  as  an  ejqaeriment 
subsystem,  contained  packages  with  very  different  parametric  characteristics, 
it  was  divided  into  two  more  homogeneous  groups.  For  example,  the  OAO  experi- 
ments package  was  divided  into  a primarily  mechanical  package  (telescope, 
mirrors,  etc.),  and  a primarily  electronics  group.  Cost /Reliability  tradeoffs 
were  permitted  for  the  electronics  group  but  not  for  the  mechanical  group. 

^•2.3.2  Failure  Rate  Ratio  and  Parametric  Drift.  For  the  CDH  and  S&C  sub- 
systems in  particular,  in  spite  of  the  very  conservative  approach  used  of 
modelling  cost  vs  reliability  on  the  basis  of  redundancy  at  the  subsystem  level, 
the  parametric  analysis  results  called,  in  some  cases,  for  high  redundancy  com- 
bined with  low  grade  parts  whose  failure  rates  were  IO-I5  times  those  for  nor- 
mal space  vehicle  practice.  Such  failure  rates  correspond  approximately  to 
lower  grade  commercial  parts  and  are  subject  to  fairly  rapid  parametric  drift. 
For  the  case  of  the  OAO/Shuttle  combination,  the  optimum  average  refurbishment 
frequency  was  about  three  times  per  year.  In  order  to  conform  to  this  desired 
average  life  the  failure  rate  ratio  was  therefore  restrained  so  as  not  to  ex- 
ceed 5.  This  corresponds  to  the  expected  failure  rate  for  top-quality  aircraft 
parts  and  was  expected  to  give  a life  of  four  months  or  better.  For  the  SEO, 
the  desired  time  between  refurbishment s is  approximately  nine  months.  For  this 
case  the  failure  rate  was  constrained  not  to  exceed  2.2  times  the  applicable 
HI-REL  failure  rate  (which  is  equivalent  to  certain  standardized  categories  of 
military  parts  and  components) . For  all  longer  life  cases,  normal  space- 
quality  parts  (HE-REL)  appear  to  be  necessary  in  a practical  system. 

^•2.3.3  Minimum  Subsystem  Reliability.  With  the  failure  rate  ratio  fixed,  the 
model  for  high  cost  subsystems,  sometimes  attempted  to  reduce  reliability  (and 
cost)  by  eliminating  redundancy.  Constraints  were  therefore  imposed  as  needed 
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to  prevent  the  reliability  from  going  below  that  for  a single  thread  (non- 
rednndant)  subsystem  at  that  failure  rate  ratio. 

4, 2. 3, 4 Minimum  Subsystem  Cost.  Insufficiencies  in  the  integration  of  cost 
vs  wei^t  and  cost  vs  reliability  relationships  into  the  model  in  some  cases 
caused  the  analysis  to  call  for  impracticably  low  costs.  This  was  prevented 
by  placing  floors  under  subsystem  costs.  This  constrained  the  miniTmun  subsys- 
tem cost  to  a level  that  was  considered  to  be  consistent  with  a value  that 
might  be  achieved  in  the  practical  design  case. 

4.3  OITIMIZATIOIT  ADTALYSIS  BESULTS 

The  cost  optimization  methodology  described  in  Section  4,1  was  exercised  dur- 
ing the  study  through  the  use  of  the  POP  con^juter  program.  Thus  it  was  possible 
to  establish  rapidly  optimum  programs  for  each  given  launch  vehicle -payload 
combination  in  terms  of  minimum  total  program  cost  for  a particular  allovrable 
payload  weight  and  program  duration.  The  major  parameters  to  be  considered  in 
the  cost  optimization  leading  to  the  low-cost  approaches  were  considered  to  be 
(1)  total  payloajd  wei^t,  (2)  program  time  (duration),  (3)  launch  cost,  and  (4) 
refurbishment/maintenance.  For  any  change  in  either  of  these  variables,  the 
computer  provides  a new  set  of  optimized  program  costs  and  the  corresponding 
distribution  of  wei^t  and  reliability  among  the  payload  subsystems.  The  com- 
puter runs  were  planned  so  that  the  effect  of  each  of  these  major  parameters 
could  be  determined  separately.  A matrix  showing  the  various  conputer  runs 
and  the  parameters  varied  is  shown  on  Fig.  4-10. 

This  section  first  describes  the  type  and  quantity  of  the  computer  output  and 
then  proceeds  to  evaluate  the  output  data  and  establish  results  that  have  an 
important  bearing  on  the  development  of  low-cost  payload  approaches.  These 
results  led  directly  to  the  target  costs  and  design  goals  summarized  in  Section 

4.4. 
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PARAMETER  VARIED 

OAO 

SEO 

SRS 

MO 

■SS9 

WBSM 

■eta 

■Mai 

mwai 

total  payload  weight: 

■■ 

mig 

6000:  800(i  9500 

3 

bOOO:  IZOOO:  16000 



3 

lUUU:  ZIUU:  3UU0 

3 

900;  BOO;  2100 

3 

— - - “ 

— 

400;  700:  1000 

3 

1 

3 - 

I500;2500 

(2) 

2 

II  iillliilllM 

1,  4,  6yrs 

8000  lb 

+2 

1.  4,  6vrs 

12000  lb 

+2 

+2 

I.  4.  6vrs 

2100  lb 

+2 

+2 

. -1/2.  1.  2vr 

7001b 

+2 

+2 

+2 

1,  Syr 

2500  ib 

+1 

Maintenance/refurbishment: 

1 yr,  2yr  & no  refurb. 
refurb.  cost  0.3/0. 5, 
maintenance.  0. 1 

+5 

+5 

1 

"Throwaway"-!,  4&6yr. 

+3 

+3 

Launch  Cost  Apportion  menti 

- 

Zero,  1/2  & 1 X nominal 

+2 

+2 

+2 

+2 

1 lb  = .4536  kg 


Fig.  4-10  Matrix  of  Parametric  Analyses 


Total  Runs  = 69 
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4.3.1  Computer  Output  Pormat 

One  page  of  computer  output  summarizes  the  data  for  the  optimum  solution  and 
compares  it  with  the  baseline  payload,  A typical  sample  of  this  page  is  at- 
tached as  Pig.  4-11.  A line-hy-line  explanation  follows. 


Line  1 - Data  and  page  count 

The  date  is  helpful  in  correlating  data  changes  and  the  introduction  of  prac- 
tical design  limitations  with  the  computed  results. 

Lines  2 and  3 - Headings 

The  headings  contain  useful  identifying  information,  usually  parametric  vari- 
ations from  run  to  run  such  as  names  of  the  payload  and  launch  vehicle,  total 
payload  weight,  mission  and  program  durations,  maintenance/refurhishment  pol- 
icy, launch  vehicle  cost,  etc. 


Lines  4 through  12  - Opt^rmum  Subsystem  Data 

These  lines  comprise  a tabular  summary  of  the  following  subsystem  data  at  the 
optimum  solution: 


MJMBER 

HAME 

WEIGHT 

HEL 

ECP 

EDT&E 

miT 

OPS 


numerical  order  of  the  subsystems  that  compose  the  total 
payload 

name  of  each  subsystem 
subsystem  wei^t,  in  pounds 

subsystem  reliability,  expressed  as  a decimal  fraction 

component  reliability  in  each  subsystem, 
expressed  as  a decimal  fraction 

KDT&E  cost  of  the  subsystem,  in  $1000 

unit  cost  " " " " " * 

operations  cost  " " ” * 


* Por  the  SEO  payload,  the  unit  and  operations  costs  have  been  multiplied  by 
four  under  the  assumption  that  four  flight  programs  will  he  in  operation 
for  this  payload. 
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fAYLOtO  tFrtCYS  analysis  study  JONUV70  oaYa  SCO/I30-CEHT 

r|X  CI«*S  NSW  OU  4Y«  NO  «NT/»tf  €LV  jl2Sl2  P2SE/b2/2.  t (t 


I 

U) 

H 


puNBEfi  Wane 

1 PL  ASSY/Iwr 

2 tJtpER(<ipNTS 

3 STRUC/PECH 

N pROP/ATT  CON 

5 6CN 

* TT*C 

7 ELCC/PtRO 
> EWyIR  cqnt 

cPnoT  Cpuhyt 

75191. 07q  26251.031 


ICIGHT 

«eL 

RCP 

«t>YE 

UNH 

104.376 

. 9«9l) 

.9890 

1978.341 

730*667 

61.1.930 

.8945 

.0499 

35073.517 

6910.739 

360.96J 

,9960  ' 

.9960 

6233.964 

1552.683 

62*066 

,9920 

*9920 

lB33,3t1 

692. OQU 

*41,0*9 

,9356 

*96)0 

6111.913 

3396.928 

*18.036 

.9651 

• 9560 

15731,629 

5980.604 

18*.S«7 

.9660 

«96B0 

8396.195 

9»77.10» 

12.Q00 

l.OOOO 

1*0000 

180,000 

1 2D. ODD 

OPS 

■■  1100. 000 
11026.000 
1»6.000 
2S5.000 
>*12.000 
3910.000 
— 21S2.000' 
,000 


R 

1.00000 
1.16609 
1.00000 
l.OODOo 
1.26601 
1.07165 
1 .ooooo - 
1.00000 


ReoI^no  u 

PAIL  RS 

l.ooooo' 

.OoOo 

1.18609 

.9691 

1.00000 

.0000 

1 .DOQOO 

.0000 

t.aasDi 

2.1901 

1 *07185 

2.2273 

I.DOOOD 

• 0000 

1.00000 

.0000 

CPU»-R 
1 7856. I? I 


CPOPS 

26261.000 


cproq 

260906.159 


exPNSL 

2.67112 


R£LP 

*605oH 


*tp 

2100.000 


anusc 

I o5827o 


ANLV 

1.58270 


baseline  sysyeh 


houber  Name 

1 ^L  ASSY/INT 

2 iApEBlHfNTS 
9 STrUC/mCCh 
1 pRop/att  Con 

5 6CN 

* TT*C 

* -f  CLEC/PyBO 
« EWvIR  coNt 


vElCHT 

«rL 

RCP 

ftpTe 

UNIT 

40.000 

,9«9o 

.98*0 

2887.000 

868.000 

171 .000 

.ei5& 

• 6455 

16571.000 

8296 ,000 

13A.OOO 

.9960 

*9960 

7321.000 

6111. OOU 

SI .000 

,9920 

• 4920 

1869.000 

692.008 

13.000 

,9820 

• 9820 

7803.000 

172e«OQ[j 

73.000 

.9800 

*9800 

23531.008 

9032.003 

168.000 

,9*80 

*9680 

t0356«0QQ 

' 6824«TJOO 

12.000 

1 ,0000 

I.DOOD 

180.000 

120,000 

OPS 

REOONO  R 

REDUNq  u 

FAIL  RB 

■“  3400. OQO 

• ■ 1,00000  ' ■ 

" 1*00000 

■ .0000 

1 4028.000 

1 .ooooo 

1 *00000 

1*0000 

496.000 

l.ooooo 

1 .OOnOo 

*0000 

286.000 

1.00000 

1 .ooooo 

*0000 

1692.000 

1.00000 

l.ooooo 

1 *0000 

3910.000 

l.ooooo 

1.00000 

1.0000 

*-2492  iODD” 

' ~I‘.00000~* 

■ ‘f.DOOOO  ~ 

■'"«DODo' 

.000 

1,00000 

l.ooooo 

,0000 

cPior 


cpumi't’  eP(/4fi 


CPflPS  CPROfi  eXPHSC  R£tP“" BfP" 


ANUSe  ■ ' anlv 


|10O52I.O9t  36604.0^2 


2I5S6.70S  26264.000  3o66«2<675 


*•17922 


•7A9*s  726-000  I*7o73j 


1.70731 


J'ig.  4-11  Example  of  Compater  Printout 
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EEDtMD  E 
EEDUM)  U 


EAIL  RE 


ratio  of  the  number  of  coit5)onents  in  the  optimum  system 
to  that  in  the  baseline  system  as  determined  by  the  cost 
model  used  to  compute  the  EDT&iE  and  unit  costs,  respect- 
ively (both  values  aa?e  needed  since  practical  design  con- 
siderations may  dictate  the  use  of  different  models  for 
these  tvo  cost  components) 

failure  rate  ratio  relative  to  that  of  the  baseline  sub- 
system (a  value  of  zero  is  the  result  of  choosing  a cast 
model  that  ignores  reliability  tradeoffs  for  that  par- 
ticular subsystem) 


Lines  13  and  l4  - Optimum  System  Data 

These  two  lines  present  the  following  optimum  total  system  data: 


GERDT 

CPOHIT 

CPUWE 


CPOPS 

CEROG 

EXTMSL 

EELP 

WTP 

AIIUSE 

AELV 


EDT&E  cost  of  the  total  program,  in  $1000 
sum  of  the  subsystem  unit  costs,  " " 

unit  cost  of  the  entire  payload  with  refurbishment  and/or 
maintenance,  apportioned  over  the  original  and  all  reac- 
tivated payloads,  in  $1000  (note  the  value  quoted  is  ir- 
relevant in  this  case  since  no  refurbishment  is  involved) . 

sum  of  the  subsystem  operations  costs,  in  $1000 

total  program  cost,  in  $1000 

63{pected  useful  life  of  each  successfully  launched  pay- 
load,  in  time  units  appropriate  to  the  particular  payload 
(for  SEO,  the  unit  time  is  one  year) 

program  reliability  over  the  unit  time  period,  expressed 
as  a decimal  fraction 

total  payload  weight,  in  pounds 

number  of  payloads  required  for  the  entire  fli^t  programj 
in  the  case  of  refurbishment  and/or  maintenance,  the  num- 
ber of  all  reactivated  payloads,  plus  the  original  one 

number  of  launch  vehicles  required  for  the  entire  flight 
program 


Lines  l6  through  26  - Baseline  subsystem  and  system  data  similar  to  lines  4 
throu^  l4. 

In  addition  to  the  optimized  and  baseline  payload  data  described  above,  the 
sensitivities  of  the  total  program  cost  to  small  changes  in  the  model  coeffi- 
dents  are -also  printed  out.  These  sensitivities  are  expressed  as' a ratio  of 
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the  percent  change  in  cost  to  a percent  change  in  the  coefficient  and  as  such 
they  indicate  to  what  eictent  uncertainties  in  the  coefficients  affect  the  to- 
tal prograjn  costs. 

if-. 3. 2 Analysis  Grcomd  Eules 

In  the  type  of  analysis  considered  here  3 where  many  programmatic  variables  are 
involved^  it  is  important  that  some  of  these  variables  be  either  fixed  or  al- 
lowed to  vary  according  to  certain  pre-determined  orules.  Thus,  prior  to  start- 
ing the  coHputer  runs,  it  was  agreed  with  the  Fleet  Analysis  contractor  (Aero- 
space) that  the  following  ground  rules  and  assumptions  are  realistic  from  a 
program  point  of  view: 

® All  costs  are  in  19?0  dollars. 

© Standard  shroud  costs  are  included  in  the  cost  of  the  launch  vehicle; 
if  special  shrouds  are  required  (e.g.,  hammer-head),  they  are  charged 
to  the  payload  program. 

® The  wei^t  and  cost  of  deployment  gear  for  the  payload  is  charged 
to  the  launch  vehicle. 

® Launch  vehicle  costs  are  apportioned  to  the  payload  in  the  ratio  of 
the  payload  wei^t  to  launch  vehicle  capability  for  that  3nission, 
assuming  an  80^  load  factor,  with  the  exception  that  the  following 
launches  are  considered  dedicated: 

- all  alternate  current 

- all  OAO  ejrpendable 

- all  SEO/Shuttle/Tug 

® Total  shuttle  launch  cost  to  the  users  is  $3  million;  for  the  Shuttle/ 
Tug  combination  this  charge  is  $3.7  million, 

• Maintenance  is  on  orbit  and  involves  dedicated  Shuttle/Tug  launches 
for  SEO;  OAO  maintenance  launches  are  equal  in  cost  to  the  initial 
payload  launch  (prorated) . 
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® Refurbishment  is  on  the  Earth's  surface  and  also  involves  dedicated 
launches  for  the  SEO  but  not  the  OAO  vhich  are  prorated. 

0 In  the  Shuttle/Tug  mode,  the  lug  is  taken  to  low  Earth  orbit  by  the 
Shuttle  for  each  mission  application. 

® Operations  cost  reductions  are  estimated  outside  the  computer  but  are, 
included  in  the  optimisation  of  the  total  program  costs;  these  reduc- 
tions apply  only  to  the  Shuttle  launched  payloads,  baseline  operations 
costs  are  assumed  for  the  expendable  launch  vehicle. 

f 

In  the  cases  where  the  Shuttle  was  used  as  the  launch  vehicle,  assumptions  had 
to  be  made  regarding  the  refurbishment  cycle.  Because  the  SRS  was  an  inexpen- 
sive payload  it  was  assumed  that  it  would  not  be  refurbished.  For  the  OAO  and 
SEO  the  nominal  refurbishment  schedule  was  once  per  year  at  a cost  0.3  times 
the  unit  cost.  Parametric  variations  from  this  nominal  schedule  were  investi- 
gated which  included  2 year  refurbishment,  refurbishment  at  O.5  times  the  xmit 
cost  and  no  scheduled  refurbishment. 

4.3.3  Optimization  of  Payload  Weight 

An  essential  tenet  of  the  low-cost  analysis  methodoloQr  is  that,  contrary  to 
conventional  concepts,  increasing  the  payload  weight  can  result  in  cost  sav- 
ings. This  is  achieved  by  capitalizing  on  the  reduced  transportation  costs 

i 

(i.e.,  $_per  Ih  to  orbit)  associated  with  the  new  classes  of  launch  vehicles, 
throu^  adopting  a less  sophisticated  design  approach,  which  usually  results 
in  a heavier  payload.  However,  the  growth  in  weight  is  limited  by  the  capa- 
bility of  the  launch  vehicle  being  used.  Further,  as  the  "lowest  cost  regard- 
less of  wei^t"  asynptote  of  the  payload  cost -wei^t -model  is  approached,  only 
sTna.l  1 payload  cost-returns  can  he  expected  from  large  changes  of  wei^t.  When 
the  launch  costs  are  prorated  in  proportion  to  payload  wei^t  these  returns 
may  he  outweighed  by  increased  launch  costs.  Thus,  it  becomes  important  to 
investigate  the  effect  of  total  payload  weight  on  the  total  program  cost. 

This  is  done  simply  by  changing  the  maxiimjm  wei^t  constraint  in  the  POP  com- 
puter program. 
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In  general,  as  a result  of  this  exercise,  a total  payload  wei^t  could  he  se- 
lected beyond  "which  no  sensible  cost  reductions  could  be  expected,  and  that 

weight  then  fixed  while  evaluating  the  effects  of  other  program  parameters. 

, { 

Some  typical  results  are  illustrated  in  Fig,  4-12  where  total  program  .cost  is 
represented  as  a function  of  total  payload  wei^t.  The  results  on  the  left 
are  for  the  SRS  payload  used  with  each  of  the  candidate  launch  vehicles  and 
those  on  the  ri^t  are  for  the  OAO  and  SEO  launched  on  the  Shuttle, 

For  the  total  payload  weights  presented,  minimum  or  near-minimum  total  program 
costs  are  shown.  The  apparent  internal  anomalies  in  the  SRS  case  result  from: 

« fixed  launch  costs  (dedicated  launch)  for  Atlas/Burner  II  launch 

» relatively  hi^  prorated  costs,  proportional  to  payload  wei^t, 
for  launch  with  SEM/Titan  Gore  Il/Agena  la"uneh 

* relatively  low  prorated  costs  for  Shuttle 

As  a result  of  these  initial  analyses,  the  following  total  payload  weight  con- 
straints were  placed  on  each  payload  for  the  ensuing  computer  runs: 

I 

SRS  700  lb  (310  kg) 

OAO  10,000  lb  (if-500  kg)  for  alternate  current  and  low  cost 

expendables 

12,000  lb  (5400  kg)  for  Shuttle 
SEO  2,100  lb  (950  kg) 

In  the  case  of  the  SEO,  2,100  Ihs  (950  kg)  is  approaching  the  ma.-x-i timm  capa- 
bility for  the  replacement  (i.e.,  take  payload  to  synchronous  equatorial  a.-nfl 
return  with  the  replaced  payload)  operational  mode.  For  the  OAO/alternate 
current  and  low  cost  expendable  combination,  the  10,000  lb  (4-500  kg)  limit 
represents  the  limiting  capability  of  the  expendable  launch  vehicle,  as  pro- 
vided by  Aerospace. 
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The  other  important  parameter  -which  -was  selected,  on  the  basis  of  the  para- 
metric analyses  was  the  expected  payload  life.  This  is  influenced  by 

s the  ratio  of  payload  to  transportation  costs 
6 program  duration  and  block  time 
0 maintenance  and  refurbishment  policies  and  costs 

4.3 .^•1  Transportation  Costs.  When  the  payload  cost  is  low  relative  to  the 
transportation  costs,  as  in  the  case  -with  SES,  it  becomes  potentially  cost 
effective  to  invest  in  increased  payload  life  and  thereby  reduce  the  required 
number  of  launches.  This  approach  is  subject  to  explicit  cost  tradeoff  anal- 
ysis, and  the  resulting  optimum  payload  life  -will  vary  -with  costs  per  launch. 
When  the  payload  cost  is  high  relative  to  transportation  costs,  as  is  the  case 
■with  OAO,  transportation  costs  exert  little  effect  on  optimum  payload  life  and 
the  cost  optimization  will  be  driven  by  a req-ulrement  to  minimize  payload  costs 
for  the  total  program. 

Program  Duration  and  Block  Time . The  mission  program  may  in  some 
cases  be  divided  into  a series  of  "blocks" . At  the  end  of  each  block  the 
experiment  package  may  be  changed  and  the  payload,  in  the  case  of  Shuttle 
transportation,  refurbished.  These  block  times  may  be  dictated  by  the  nature 
of  the  experiment  or  by  practical  considerations  of  achievable  payload  life. 

In  the  case  of  OAO  and  SEO  the  nominal  block  time,  or  refurbishment  frequen- 
cy, was  once  per  year. 

With  expendable  launch  vehicles,  because  there  was  no  refurbishment,  optimum, 
payload  life  was  directly  affected  by  program  duration,  for  the  OAO  -with  ex- 
pendable launch  the  parametric  analyses  suggested  that  a fli^t-dxiration  of 
approximately  1 year  was  optimum  for  any  program  time  in  excess  of  two  years. 
For  the  SEO,  the  analyses  tended  to  suggest  a payload  life  of  two  years  as 
optimum;  design  considerations  suggest,  however,  that  it  may  not  in  fact  he 
practical  to  extend  payload  life  appreciably  beyond  2 years  for  this  type  of 

4-37 

LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


payloaxi.  The  SRS,  heeaxise  it  is  inexpensi-ve , is  very  sensitive  to  program 
d-uration,  with  the  result  that  a payload  life  of  about  15  months  appears  de- 
sirable even  with  a program  duration  of  only  two  years. 

With  Shuttle  launch  and  scheduled  refurbishment  (as  with  OAO  or  SEO  with 
Shuttle),  the  optimum  payload  life  is  bounded  by  the  refurbishment  schedule. 
With  the  nominal  annual  refurbishment,  the  payload  life  indicated  by  the  para 
metric  analysis  was  approximately  k months  for  OAO  and  0.8  yrs  for  SEO.  This 
is  further  discussed  belcrw. 

^.3 •^•3  Maintenance  and  Refurbishment  Policies.  With  Shuttle  launch  and  the 
provision  of  maintenance  and  refurbishment  capabilities,  the  optimum  payload 
life  becomes  strongly  dependent  on  the  refurbishment  schedule.  The  results 
from  the  parametric  analyses  may  be  summarized  as  follows,  for  a program  time 
of  four  years  or  more. 


Payload 

Refurbishment  Schedule 

Payload  Life 

OAO 

1 yr 

4 months 

2 yr 

8 months 

None 

1 yr 

SEO 

1 yr 

0.8  yr 

2 yr 

• 

r-t 

Hone 

2 yr 

4.4  COST  TARGETS,  RELIABILITY  GOALS.  WEIGHC  ESTIMATES 

In  addition  to  providing  some  insist  into  the  cost  consequences  of  low-cost 
design  techniques,  a major  output  of  the  parametric  analyses  was  the  formu- 
lation of  preliminary  cost  estimates  (cost  targets)  and  wei^ts  of  low-cost 
payloads  and  design  goals  for  the  ensuing  design  effort.  Because  of  the  var- 
iation of  the  non-recurring  and  recurring  costs  with  such  program  factors  as 
program  time,  apportioned  launch  costs,  and  maintenance  or  refurbishment 
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frequency , no  single  version  of  the  low-cost  payload  exists  that  can  he  ap- 
plied across  the  mission  spectrum  in  a ccaapletely  optimum  manner.  Therefore, 
in  choosing  those  design  points  for  which  the  target  costs  could  he  quoted, 
it  was  important  to  consider  that  the  low-cost  or  target  payload  is  (l)  con- 
sistent with  the  baseline  mission  requirements,  (2)  relatahle  to  the  baseline 
hardware,  and  (3)  compatible  with  the  baseline  flight  duration.  In  addition, 
the  operating  life  must  be  compatible  with  the  failure  rate  characteristics 
of  available  hardware.  Thus,  for  the  ejjpendable  payloads  the  low-cost  tar- 
gets were  defined  for  low-cost  payloads  with  the  same  fli^t-durations  as  the 
baseline  nominal  values.  With  the  Shuttle,  however,  it  is  important  to  guide 
the  payload  design  tcn'rards  the  optimum  maintenance  mode 5 for  the  low-cost  OAO 
payloads,  target  costs  were  established  for  systems  consistent  with  flight 
durations  of  4 months  and  1 year. 

In  the  case  of  SEO,  a flight-duration  of  0.8  yr  was  selected  (close  enough  to 
the  1-yr  baseline  to  cause  no  design  problems) . These  fli^t  durations  for  _ 
the  reusable  payloads  are  compatible  with  the  results  of  the  maintenance/re- 
furbishment analyses  reported  in  Section  4.3,6,  Additional  data  were  also 
provided  for  a 2-yr  SEO  as  this  duration  was  a better  match  to  many  missions 
in  the  total  program. 

In  addition  to  the  baseline-equivalent  6-month  SRS,  target  costs  were  estab- 
lished for  the  SRS-Shuttle  low-cost  payload  associated  with  a flight  duration 
of  15  months,  since  this  version  has  particular  application  to  the  HASA,  mis- 
sion model. 

The  optimized  target  data  for  the  Mars  Orbiter  are  relevant  to  a single  shot 
mission,  consistent  with  the  baseline  mission  duration,  and  are  provided  for 
the  Space  Shuttle  only. 

The  above  data  were  provided  to  Aerospace  as  interim  working  data,  subject 
to  verification  by  the  subsequent  design  analyses,  to  enable  them  to  make  an 
early  start  on  their  Eleet  Analyses.  A sample  of  these  data,  for  the  1-year 
OAO  on  the  Space  Shuttle,  is  shown  in  Fig.  4-13  ' ^ payload  level  summary  of 
the  data  is  shown  in  Fig,  4-l4, 
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PATLOAD  - OAO-B  LATOJCH  VEHICLE  - SPACE  SHUTTLE  PLIGHT  DUEATIOH  1 lEAE 


Subsystem 

COMPUTER  OUTPUT 

— 
CONSERVATIVE  ESTIMATE*  d:  TOLERANCE 

RDT&E 

Cost 

Unit 

Cost 

1 Year 
Operations 

RDT&E 

Cost 

RIT8E 

Est. 

Tolerance 

Unit 

Cost 

Unit 

Est. 

Tolerance 

Unit 
Opn ' s . 

±30% 

Payload 

Adapter 

0 

0 

0 

0 

- 

0 

0 

0 

Experiments 

4800 

5580 

1263 

6000 

± 20% 

6200 

± ICffo 

l8o4 

Structures  & 
Mechanisms 

5865 

3780 

9 

6900 

± 15^« 

4200 

± 10^0 

13 

Electrical 
& Pyro 

io4oo 

2340 

315 

13000 

± 20^0 

2600 

± lOfo 

450 

Stabilization 
& Control 

40000 

8100 

2247 

50000 

± 2aio 

9000 

± lafo 

3210 

Propulsion  & 
Attitude  Control 

1737 

228 

120 

1930 

± IC^O 

24o 

± 5% 

171 

Communication,  Data 
Processing  & 
Instrumentation 

24000 

3600 

1611 

30000 

± 20fo 

4ooo 

± 10/9 

2301 

Environmental  Cont . 

3080 

ii4o 

315 

3850 

± 20fo 

1200 

± 5% 

450 

Hon-Allocated  Costs 

Boo 

1125 

900 

1000 

± 20^0 

1500 

± 2% 

1286 

Payload.  Total 

90682 

25893 

6780 

112680 

± 19fo 

28940 

± lajo 

9685 

* Recommended  for  costing  ptirposes. 
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COMPUraR  ES0?IM!IES 


PLIGHT 

WEIGHT 

($1000) 

payload/lamch  veh. 

DURATION 

ESTIMATES 

RDTSoE 

MIT 

OPS*» 

srs/slv3c/bii 

6 mo. 

1 

54o  + 43* 

7691 

1 

966 

190 

SRS/3SEGSRM/AGEHA 

6 mo. 

54o  + 43* 

6o44 

824 

190 

SRS/SS 

6 mo. 

54o 

3502 

670 

150 

SES/SS 

15  mo. 

54o 

3783 

756 

275 

OAO ( B) /SLV3C /cent . 

1 yr. 

5880+300* 

159638 

34562 

11220 

0A0(B)/TIII/L2 

1 yr. 

7330+300* 

134877 

28699 

11220 

oao(b)/ss 

4 mo, 

10330 

70967 

22905 

2260 

oao(b)/ss 

1 yr. 

8300 

90682 

25893 

6780 

SEO/lIID  CENT. 

1 yr. 

1515+114 

79155 

T576 

7993 

SEO/SS-TUG 

0.8  yr. 

1595 

44548 

: 5983 

2530 

SEO/SS-TUG 

2 yr. 

--- 

MARS  ORBITER/SS-TUG 

0.9  yr. 

1970 

1 

52633 

9639 

12985 

CONSERVATIVE  LOW-COST  ESTIMATES 

($1000) 

FIRST 

RDOMl  1 MIT  I OPS** 


T8o6 

7646 

4519 

4876 

146810 

131660 

88860 

112680 

95332 

57130 

6864o 

68545 


+ 23^ 
+ 22^ 
+ 11^ 
+ i4^ 
+ 205^ 


+ 19^ 
+ 22^1 
+ 229^ 

+ 2jfo 


1001  + 115^ 
984  + 11^ 
^ 821  + 195^ 
931  + 20^ 

33524  + 75^ 

32550  + Si 
26268  +l4^ 
28940  jao^ 
' 8100  + 9^ 
' 7266  +18^ 
10810  +18^ 
11010  +135^ 


LAMCH  VEHICLE  INTEGRATION  HARDWARE 
OPS  COSTS  FOR  APPROPRIATE  FLIGHT  DURATION 


1 lb  = 0.4536  kg 


Fig.  4-l4 
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4.5  UPDATE  or  COMPUTJER  OHCIMIZATIOIT  MSTHOBOLOGy 


The  cost  optimization  methodology  described  in  Sections  4.1  and  4.2  proved 
extremely  effective  as  a tool  for  investigating  payload  effects  on  launch  ve- 
hicle economics  and  enabled  rapid  investigation  and  clear  illumination  of  the 
economic  impact  of  the  payload  on  the  total  program  cost.  The  mathematical 
model  used  and  the  associated  compater  program  were,  however,  developed  and 
checked  out  in  a rather  short  time  period.  Because  of  the  time  constraint, 
only  immediately  necessary  options  were  implemented  in  the  initial  model. 

The  mathematical  model  was  designed  to  be  highly  modular,  and  capable  of  being 
readily  modified  or  extended.  Following  completion  of  the  low-cost  payload 
designs  and  their  costing,  another  look  was  taken  at  the  model  with  the  in- 
tent of  adding  some  extensions  in  the  areas  of  (l)  repair  and  reforbishment 
modelling,  and  (2)  reliability  modelling.  These  extensions  have  been  defined 
(as  described  following)  but  have  not  yet  been  programmed  for  the  computer. 

4.5.1  Repair,  Hefurbishment  and  Standby  System  Options 

As  the  analyses  progressed  it  became  evident  that  extended  flexibility  was  de- 
sirable in  the  model  in  these  areas.  For  example,  in  modelling  refurbishment 
and  repair  of  OAO  it  was  assumed  that  two  roundtrips  would  be  required  for  re- 
furbishment, but  one  only  for  repair.  However,  analyses  of  the  refurbishment 
operation  subsequently  showed  that  refurbishment  on  orbit,  which  required  only 
one  roundtrip,  was  feasible  and  preferable.  Also,  some  missions  require  con- 
tinuity of  service,  leading  to  a probable  requirement  for  payloads  on  orbital  . 
standby.  The  model  has  therefore  been  extended  to  provide  the  following  capa- 
bilities: 

' ® clear  separation  of  the  costs  of  placement,  retrieval  and  repair  on 
orbit,  allowing  for  use  of  different  modes  and  associated  transpor- 
tation for  these  functions 

« provisions  for  "as  required"  as  well  as  scheduled  refurbishment 

, I 
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® provision  for  rei\ir’bish2nent  instead  of  repair  if  a failiire  occurs  at 
a time  "close’^  to  the  scheduled  refurbishment  time 

« provision  for  orbital  standby  systems 

The  necessary  extensions  in  the  model  to  provide  these  capabilities  are  at 
nhe  system  level  and  consist  primarily  of  providing  a more  detailed  breakout 
of  cost  elements. 

4. 5. 1.1  System  Model.  The  total  program  cost  is  divided  into  the  follow- 
ing elements: 


payload  RDT&E  costs 

total  payload  new  unit  costs  ^ut/n 

total  refurbishment  costs  ^ut/ref 

total  maintenance/repair  costs  C / 

^xXtj  HI 

total  payload  operations  costs  ^ops/t 

total  costs  of  standby  orbital  system(s)  ' 

total  transportation  costs  - placement  *^LVt/h 

- retrieval  ^LVt/4' 

- maintenance/ 

repair  ' 


Hence,  we  have  equal  to  the  sum  of  all  of  the  above  elements.  Of  these,  _ 
the  RDTSdE  costs  are  derived  directly  from  the  payload  cost  model.  The  re- 
mainder are  discussed  in  turn  below. 

4. 5. 1.2  Hew  Unit  Costs  - for  total  new  \mit  costs: 
ut  /n  u/n  nu  /P^ 
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cost  of  single  new  unit 

probability  of  payload  suarvlving  laTineh  in  functioning  or 
repairable  condition,  assumed  unity  for  Shuttle 

initial  number  of  active  payloads  required  in  system  plus 
any  scheduled  replacements  required  after  some  maximum 
number  of  refurbishments 

Note  that  with  an  expendable  launch  system  will  cover  all  replacements 
required. 

4. 5. 1.3  Refurbishment  Costs. 

^ut/ref  “ ^u/n  \f  ^rf 

where  = ratio  of  single  refurbishment  cost  to  single  new  unit 

cost 

= number  of  refurbishments  required 
If  refurbishment  is  on  a scheduled  basis,  then 

^rf  ^S/a  ‘ 

where  ®^S/a  ~ number  of  active  satellites  required  in  system 

= duration  of  program 

T™  = scheduled  time  interval  between  refurbishments 

XU? 

If,  on  the  other  hand,  refurbishment  is  only  effected  as  required, 

^rf  ^S/A  {^Pr/®  ^^RF^  " ^ } 
where  E(Tj^)  = ejspected  time  between  refurbishments 
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4. 5.1. 4 Maintenance/Repaxr  Costs. 

C = C / R R 
ut/ffl  u/n  mm 

where  R^  = ratio  of  repair  cost  to  single  unit  cost  of  new  payload 
= expected  nimiber  of  maintenance  operations  required 

As  a matter  of  practical  operations,  one  would  expect  that  if  a failure  oc- 
curred shortly  for  a scheduled  refurbishment  the  failure  would  be  corrected 
refurbishment  rather  than  by  "repair" . If  this  option  is  exercised  within  i 
time  /;^t  of  the  scheduled  refurbishment  time  then 

\ - Va  V 

where  E(T^)=  expected  time  between  failures  of  an  active  payload 

4. 5. 1.5  Operations  Costs . The  payload-peculiar  operations  costs,  over  and 
above  standard  transportation  costs  included  in  the  transportation  price,  mj 
contain  elements  essentially  proportional  to  program  time  and  also  to  the 
number  of  placements.  Thus  one  may  in  general  approximate  those  as 

C /,  = AT^  + B (R  - -1-  H ) 
ops/t  RR  ^ rf  nu 

4. 5. 1.6  Ron -Transportation  Costs  of  Standby  Orbital  Systems.  It  will  pre- 
sently be  assumed  that 

® a failed  active  payload  is  replaced  by  a standby  already  in  orbit, 
which  is  in  turn  replaced  by  a newly  launched  standby 

® a payload  which  fails  while  on  standby  is  repaired 

Thus,  the  incremental  cost  of  the  standby  system,  over  and  above  costs  ac- 
counted for  already  in  the  active  system,  is 

/ 

C - = C / + R R ) 

sb/t  u/n  S/S  m/s  m 
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where 


niariber  of  standby  satellites  required  in  system 
nxoriber  of  satellites  which  fail  while  on  standby 


^sb 


where 


failure  rate  per  payload  while  on  standby 


4. 5. 1.7  ICransportation  Costs.  The  transportation  costs  for  placement,  re- 
trieval aru^  maintenance  are  siit^jly  the  products  of  the  respective  costs  for 
the  single  operations  and  the  respective  numbers  of  operations  required 


placement 


Wp  = =LVu/p  < Va  * ”s/s  * 
^V/r  ~ ^LVu/r  ^rf 
LV/m  LVu/m  m m/S' 


where  the  subscript  "u'^'^  denotes  a single  operation  and 


Eg  = probability  that  satellite  will  be  functioning 
when  placed 


h.5.2  Fayload  Reliability,  Expected  Life  and  Flight  Value 

4. 5. 2.1  Basic  Tradeoffs.  In  the  model  described  in  Section  4.1,  the  "expec- 
ted cost*'  of  performing  a given  mission  or  a given  sequence  of  mission  blocks 
was  minimized.  The  mission  was  considered  as  a requirement  to  be  on  orbit, 
performing  some  function,  for  the  prescribed  time.  The  value  of  each  fli^t 
was  described  by  the  e3?pected  time  over  which  the  payload  would  operate  on 
that  fli^t  before  failure  and  cost  minimization  was  effected  by  trading  (a)_ 
the  increased  payload,  non-recurring  and  single  unit  costs  associated  with  ex- 
tending payload  life  against,  (b)  increases  in  transportation  costs,  and  (c) 
numbers  of  units  required  with  shorter  payload  life. 

In  general,  when  the  function  is  performed  (and  any  data  recovered)  on  a con- 
tinuing basis: 
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expected  value  per  flight  - M, 


SL 


R(t)  V(t)  dt 


where  R(t)  = prohahility  of  survival  to  time  t 
V(t)  = value  of  data  gathered  at  time  t 
T = maximum  time  of  interest 


V(t)  will  presently  he  assumed  equal  to  unity.  T will  usually  he  either  the 
total  mission  time  or,  if  refurhishment  or  change  of  experiment  is  required, 
the  scheduled  time  between  refurbishments. 

4. 5*2. 2 Effect  of  Redundancy.  In  Section  4.1  an  exponential  form  was  assumed 
for  reliability  E(Tjj)  as  a function  of  scheduled  flight  duration  T|j.  This 
permitted  use  of  a very  convenient  explicit  form  for  the  expected  value  per 
flight,  as  follows r 

T 

1m 

T 

“SL  = ^ ^ ^ 

where  T = maximum  permissible  duration,  at  which  the 

M 

reliability-life  curve  would  be  truncated 

= scheduled  flight  duration  for  estimate  of  R 
K 

With  appropriate  truncation  to  allow  for  such  phenomena  as  wearout  and  para- 
metric drift  the  exponential  assumption  is  legitimate  for  present  purposes 
for  a moderately  redundant  system  (e.g.,  50  percent  of  components  replicated) 
hut  becomes  questionable  at  redundancy  fractions  approaching  100  percent, 
fhis  is  illustrated  in  Eig.  4-^15,  in  which  three  systems  are  compared,  each 
of  which  has  a reliability  of  approximately  .50  at  one  year.  The  100  percent 
redundant  system  has  a coirponent  failure  rate  4.5  times  that  of  the  single 
thread  system,  but  achieves  equal  reliability  at  one  year  by  the  extensive 
redundancy.  By  this  time,  however,  three  of  the  redundant  components  will, 
on  the  average  have  failed.  This  leaves  the  system  seriously  degraded,  with 
only  seven  of  the  ten  components  still  effectively  replicated  and  with  a cor- 
respondingly poor  life  expectancy. 
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Zero  Redundancy 
50^  Redundancy 


lOCy^  Redundancy 


Time-Years  (t) 


• Random  failure  only  - no  wearout 

• System  with  10  functional  elements 

• 1005^  Redundant  System  has  active  replicate  of  each  element 

50^^  Redundant  System  has  active  replicate  of  5 elements 

® Element  failure  rates  - 0,067  per  year  for  system  with  zero  redundancy 

- 0.13  per  year  for  system  with  50^  redundancy 

- 0.30  per  year  for  system  with  100^  redundancy 


Fig.  4-15  Example  of  Effect  of  Redundancy  on  Reliability  vs  Scheduled  Life 
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A brief  review  of  this  effect  led  to  the  following  conclusions: 

® with  redundancy  up  to  100  percent  the  expected  assumption  appears 
satisfactory  within  5 percent)  if  < 2 - i.e.,  with 

truncation  no  later  than  twice  the  nominal  fli^t  duration 

© with  a redundancy  of  50  percent  the  ejiponential  assumption  appears 
satisfactory  as  long  as  < 4 

Ifj  theref 03^6,  the  first  cut  optimization  leads  to  a system  lying  outside  these 
constraints,  consideration  should  be  given  to  introducing  a system-particular 
ejjpression  for  the  payload  expected  life  as  a function  of  failure  rate  and 
redundancy.  It  will  usually  be  feasible  to  do  this  for  a particular  payload, 
even  including  such  effects  as  duty  cycle  and  dormant  or  quiescent  failure 
rates,  and  provide  the  data  to  the  computer  in  either  tabular  or  algebraic 
form. 


4. 5. 2. 3 Subsystem  Reliability  Mode.  The  effects  of  redundancy  on  subsystem 
reliability  was  modelled  during  the  study  at  the  subsystem  level  — that  is, 
redundancy  was  assumed  to  consist  of  providing  a complete  replicate  subsystem. 
This  was  used  in  order  to  be  conservative.  It  is,  ho\rever,  unrealistic.  The 
alternate  model,  corresponding  to  redundancy  at  component  level,  is  therefore 
preferred.  For  unit  costs  this  was 


cost 

baseline  cost 


weight 

baseline  wei^t 


In  - In  (-In  R^) 

in  Nj  - in  (-in 


where  U.  = number  of  functional  modules  in  subsystem. 

3 

This  is  an  approximate  form  of  the  more  precise  relation 

r r T • “I 

cost  O'  wei^t  or  In  I 1 - -|^Ej(m)j-  ^ J 

where  m = # modules  in  redundant  systera/4  modules  in  single  thread  system 
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For  EDT&E  costs  the  corresponding  esipression  is 


cost 

baseline  cost 


= 1 - 


Oi 

3 + 3 


In  N.  - In  ( - In  R,) 

n ' i 

In  li.  - In  ( - In  r ’ } 
3 jb'^ 
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Section  5 

DESIGN  OP  LOW-COSD  PAYLOADS 


5.1  LOW-COOT  PAXLOAD  DESIGN  CRITERIA 


5.1.1  General  Low-Cost  Design  Philosophy 

A new  design  approach,  not  constrained  hy  traditional' we i^t  or  volrune  limits, 
nor  hy  the  one-chance  only  hazards  of  expendable  lannches;  has  been  developed 
for  future  payloads  to  be  laxinched  and  supported  by  the  Space  Shuttle.  Appli- 
cation of  these  approaches  to  the  uniaanned  payloads  planned  for  the  1978-I99O 
era  will  result  in  significant  cost  savings  relevant  to  "baseline"  programs 
wherein  expendable  launch  vehicles  and  payloads  are  utilized.  These  payloads 
will  be  "low-cost"  because  of  the  "Payload  Effects"  that  are  the  subject  of 
this  report.  These  effects  are  discussed  in  following  paragraphs. 

5. 1.1.1  Shuttle  Payload  Capability.  The  payload  capability  of  the  Space  Shuttle 
for  near-earth  missions  will  be  very  large  relative  to  the  probable  wei^t  of  the 
spacecraft  it  will  transport  to  orbit. 

Therefore,  in  general,  the  design  of  spacecraft  for  Shuttle  launch  will  not 
be  constrained  by  weight  limitations. 

Similarly,  the  design  of  Shuttle-launched  spacecraft  will  not  be  constrained 

I 

by  volume  limitations  in  the  large  15  ft  (1^.6m)  diameter,  60  ft  (l8.3m)  long 
cargo  bay  of  the  Space  Shuttle. 

The  spacecraft  designer  will  not  normally  be  concerned  with  the  total  payload 
volume  of  the  Space  Shuttle  cargo  bay.  He  will,  rather,  pay  careful  attention 
to  the  specific  volume  required  to  obtain  favorable  low  cost  in  the  spacecraft 
to  be  designed.  The  elimination  of  volume  constraints  will  be  a significant 
factor  in  the  reduction  of  spacecraft  costs. 
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Also,  the  design  of  spacecraft  for  Shuttle  launch  -will  be  strongly  influenced 
by  the  requirement  to  provide  for  access  to  the  spacecraft  equipment  modules 
to  accomplish  their  removal  ^d  replacement  within  the  Shuttle  cargo  bay.  Ex- 
change of  modules  when  the  spacecraft  is  elevated  out  of  the  cargo  bay  by  de- 
ployment mechanisms  will  be  possible,  but  designs  that  permit  the  exchange 
within  the  cargo  bay  will  be  preferred  since  they  simplify  the  Shuttle  space 
crew  activity  and  enhance  personnel  safety. 

I 

5. 1.1. 2 Shuttle  Environment  for  Fayloads>.  The  loads  and  the  shock,  vibration 
and  acoustic  environments  to  which  p^loads  will  be  subjected  in  the  cargo  bay 
of  the  Space  Shuttle  will  be,  in  general,  less  severe  than  those  associated 
with  e25pendable  launch  vehicles.  In  addition,  not  being  constrained  by  weight 
and  volume  limitations,  Shuttle -launched  spacecraft  structures  and  equipment 
will  be  designed  more  ragged  and  less  sensitive  to  these  loads  and  environments. 
Consequently,  the  need  for  intensive  analysis  and  tests  to  assure  the  survival 
of  spacecraft  through  launch  will  be  reduced  and  hardware  development  costs 

j 

will  be  reduced. 

5. 1.1. 3 Payload  Checkout  in  Orbiting  Shuttle.  In  the  design  of  payloads  for 
launch  by  the  Space  Shuttle  there  will  be  a number  of  departiires  from  past  prac- 
tice that  will  lead  to  the  reduction  of  testing  costs.  The  firm  knowledge  that 
no  payload  will  he  committed  to  its  mission  orhit  without  a successful  system 
checkout  in  the  cargo  bay  of  the  orbiting  Shuttle,  and  the  knowledge  that  a 
malfunctioning  payload  can  be  recovered  for  repair  in  orbit  or  for  return  to 
earth  will  minimize  the  historical  fear  of  the  consequences  of  failure  that  has 
led  to  (1)  overdesign,  (2)  over -specification,  and  (3)  incorporation  of  redun- 
dant equipment  and  backup  systems  not  clearly  required  for  mission  success. 

Additionally,  the  "increased  risk"  approach  available  with  a Shuttle -launched 
payload  will  permit  relaxation  of  the  testing  criteria  established  for  expen- 
dable-launched payloads. 

5.1.1.^  Payload  Modularity.  An  additional  benefit  to  payload  design  deriving 
from  increased  payload  capability  (Shuttle  and  new  expendables)  will  be  true 
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modularity  of  equipment  packaging,  which  has  been  inhibited  by  the  wei^t  and 
volume  constraints  of  historical  expendable  launch  vehicles.  Well -designed 
equipment  modules  of  a payload  system  may  be  removed  from  the  system  and  re- 
placed by  an  equivalent  modxile  without  perturbation  of  the  system  function  or 
calibration.  Such  interchangeability  of  modules  will  simplify  and  reduce  the 
costs  of  system  level  testing.  The  following  guidelines  were  made  applicable 
to  the  design  of  equipment  modules  for  the  low-cost  payloads . 

• Divide  payload  subsystems  into  minimum  quantity  of  modules  consistent 
with: 

• Maximum  weigfat/size  which  can  be  readily  installed  or  removed  by 

I 

a Shuttle  crewman 

• MaximuTTi  cost  of  a single  module  not  to  exceed  10  percent  of  payload 
recurring  cost. 

• Segregate  components  which  have  high  probability  of  replacement  from 
those  which  have  hi^er  predicted  life. 

• Establish  operating  tolerances  on  individual  modules  so  that  module 
replacement  will  not  require  payload  recalibration. 

• Provide  sinrple  functional  and  mechanical  interfaces  between  modules. 

• Provide  for  easy  access  to  and  removal/installation  of  modules  with- 
out need  for  special  tools. 

Modularization  of  equipment  installations  will  also  contribute  to  cost  savings 
in  spacecraft  ground  operations  prior  to  launch. 

5. 1.1. 5 Payload  Design  vs  Program  Cost.  Payload  designers  of  future  payloads 
must  be  made  aware  that  p^load  design  at  all  levels  j system,  subsystem,  com- 
ponent, or  part;  significantly  affects  all  categories  of  program  costs.  Pay- 
load  designers  must  consider  the  cost  impact  of  all  design  decisions  if  program 
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costs  are  to  "be  minimized.  This  will  require  a greater  alertness  among  de- 
signers of  the  cost  consequences  of  their  decisions;  this  will  occur  only 
through  training  and  improved  communication  among  all  organizations  contribu- 
ting to  the  execution  of  payload  hardware  programs . 

5. 1.1. 6 Engineering  Costs . Engineering  costs  are  directly  related  to  the 
complexity  of  the  designs  to  be  created.  To  reduce  engineering  costs,  payload 
designers  must  strive  for  design  simplification,  beginning  in  the  concept  design 
phase  and  continuing  throu^  the  detail  design  phase.  Much  of  the  complexity 

of  spacecraft  has  been  due  to  overspecification  of  functional  requirements  and 
to  limitations  on  the  size,  weight,  and  power  consumption  of  equipment.  When 
the  Space  Shuttle  replaces  expendable  launch  vehicles  for  the  transportation 
of  space  payloads,  the  factors  which  have  led  to  overspecification  will  lose 
much  of  their  significance,  specifications  will  be  less  restrictive,  and  pay- 
load  designers  will  have  the  freedom  to  create  simpler,  less  costly  designs. 

5. 1.1. 7 how-Cost  Materials.  In  general,  for  comparable  applications,  mater- 
ials that  are  inexpensive  to  buy  and  fabricate,  such  as  steel  and  aluminum, 
are  heavy;  and  lighter  materials,  for  example  titanium  and  beryllium,  are  ex- 
pensive, In  the  past,  payload  weight  limitations  have  prevented  the  free  use 
of  heavier  mterials  and  simple  methods  of  fabrication;  and  the  costs  of  space- 
craft have  been  higher  than  they  would  have  been  without  weight  limitations. 

In  designing  future  low-cost  spacecraft,  full  advantage  should  be  taken  of  the 
increased  payload  capability  of  the  Shuttle  or  high- cap ability  new  expendables 
in  use  of  low-cost  materials  and  fabrication  methods. 

5. 1.1. 8 Pre-Qualified  Equipment.  Most  space  programs  have  made  some  attempt 
to  use  pre-qualified  equipment  to  obtain  the  obvious  cost  savings.  However, 
existing  qualified  equipment  has  often  been  considered  and  rejected  because 

it  was  not  optimized  fimctionally,  or  in  size  and  weight,  for  the  contemplated 
application. 

The  relaxation  of  weight,  volume,  and  power  constraints  on  spacecraft  design 
will  permit  designers  to  consider  a much  wider  range  of  qualified  or  "off-shelf" 
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equipment  for  a given  application,  and  to  select  equipment  that  would  have 
"been  rejected  as  overdesigned,  oversize,  or  overwei^t  under  past  standards. 
Much  more  emphasis  must  be  placed  on  avoiding  new  EDT&E  costs  in  future  space 
programs. 

5. 1.1. 9 Standardized  Equipment . The  development  and  qualification  of  stan- 
dardized equipment  for  spacecraft  promises  major  overall  savings  for  the 
Nation's  space  programs.  There  has  been  very  little  standardization  of  equip- 
ment in  the  past  because  the  emphasis  has  been  on  the  optimization  of  equip- 
ment function,  size,  and  weight  for  the  requirements  of  each  space  program. 
When  such  optimization  is  no  longer  required  because  of  the  elimination  of 
constraints  on  payload  wei^t  and  volume,  the  development  of  standardized 
equipment  can  proceed  with  reasonable  assurance  that  it  will  be  more  widely 
used  throughout  the  national  space  program.  The  Government  should  consider 
establishment  of  standard  design  requirements  for  ecmmonly  used  types  of  space- 
craft equipment,  perhaps  establish  specific  industry  sources  for  such  equip- 
ment, and  specify  that  the  selection  of  eqxiipment  for  new  spacecraft  shall,  if 
technically  possible,  be  from  among  the  available  standard  equipment. 

5.1.1.10  Low-Density  Packaging  of  Electronic  Ecfuipment.  Electronic  equipment 
for  space  programs  has  evolved  in  the  direction  of  reduced  size  and  weight  and 
increased  packaging  density.  In  general,  this  evolution  has  been  accompanied 
by  cost  escalation  (with  the  exception  of  substitution  of  solid-state  for 
vacuum-tube  elements).  The  relaxation  of  wei^t  and  volume  constraints  in  the 
next  era  should  permit  the  development  of  simpler,  lower -density  packaging 
techniques  for  electronic  equipment;  resulting  in  the  reduction  of  EDT&E  and 
recurring  costs  of  such  equipment^. 

Low-density  electronic  packaging  baves  labor  costs  in  design,  modification, 
fabrication  and  assembly,  repair,  and  inspection. 

5.1.1.11  Tooling.  The  costs  of  tooling  for  space  payloads  are  directly  re- 
lated to  the  tolerances  specified  for  the  assembly  and  alignment  of  structures 
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ajid  for  the  installation  of  equipment.  The  larger,  heavier  structures  of  the 
new  low-cost  payloads  should  not  require  as  much  tooling  as  the  lighter,  more 
flexible  structures  of  historical  payloads. 

Also,  tooling  costs  can  be  reduced  if,  in  the  design  of  a payload  structure, 
a single  structurally  stable  plane  can  be  established  on  which  all  equipment 
modules  requiring  alignment  can  be  mounted. 

5.1.1.12  Manufacturing . Manufacttiring  costs  can  be  reduced  if  payload  de- 
signers avoid  sandwich  materials,  chemical  milling,  machine  contouring,  and 
other  techniques  for  weight  control  commonly  used  in  the  design  of  historical 
spacecraft  but  unnecessary  in  the  design  of  the  new  payloads . 

Low-density  packaging  of  equipment  into  modules  and  of  modules  into  payload 
structures  will  help  to  reduce  manufacturing  costs  by  providing  easy  access 
to  all  components  and  reduced  assembly  costs. 

The  manufacturing  costs  of  electronic  equipment  can  be  reduced  by  low-density 
packaging  because  of  improved  access  for  the  placement  of  parts  and  for  in- 
spection, which  in  turn  results  in  the  reduction  of  scrap  and  rework. 

5.1.2  System  Design  of  Low-Cost  Payloads 

5. 1.2.1  System  Performance  and  Design  Requirements.  Over-specification  of 
system  requirements  has  been  a significant  factor  in  escalating  the  costs  of 
space  programs,  and  it  begins  with  the  System  Performance  and  Design  Require- 
ments Specification  prepared  by  the  government  program  office  and/or  the  con- 
tractor.  Cost  consciousness  should  he  fostered  among  the  scientists,  engin- 
eers and  managers  responsible  for  program  planning,  with  the  objective  of  ob- 
taining requirements  specifications  based  on  realistic  cost/value  analysis. 


5. 1.2. 2 Simplified  Documentation.  Much  of  the  escalation  of  the  costs  of  space 
programs  is  attributable  to  the  customer  and  contractor  documentation  require- 
ments . 
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Program  planners  should  carefully  evaluate  documentation  needs,  and  impose  only 
those  requirements  essential  to  the  orderly  execution  of  the  development/test 
program . 

When  contractual  documentation  requirements  permit,  simplification  of  contrac- 
tor engineering  documentation  can  result  in  significant  savings. 

5. 1.2. 3 Simnlified  Equinment  Specification.  It  is  not  Just  space  program 
planners  who  may  over-specify  requirements . Engineering  organizations  also 
write  design  specifications  that  are  more  restrictive  than  they  need  to  he; 
because  it  is  safer  (hut  more  costly)  to  err  in  that  direction.  Government 
program  offices  could  encourage  contractors  to  specify  lower  equipment  per- 
formance and  other  design  requirements,  and  contractors,  in  turn,  could  es- 
tablish effective  review  procedures  to  control  over- specification  of  require- 
ments for  both  in-house  manufactured  and  purchased  or  subcontracted  equipment. 
When  spacecraft  are  being  designed  for  launch  by  the  Space  Shuttle,  the  pres- 
sures thab  lead  to  overspecification  should  be  less  severe  because  the  Shuttle 
will  provide  for  in-orbit  checkout  and  revisit  and  thereby  allow  use  of  a pay- 
load  with  hi^er  initial  risk. 

5. 1.2. 4 Reduced  Testing  Requirements.  Typically,  spacecraft  equipment  and 
assembled  spacecraft  have  been  subjected  to  very  comprehensive,  rigorous,  and 
often  repetitive  testing  programs  to  establish  the  level  of  confidence  felt 
to  be  necessary  for  the  making  of  launch  decisions.  Such  programs  have  been 
costly  to  execute  and  often  costly  in  worn-out  or  damaged  equipment.  The  fear 
of  spacecraft  failure  during  launch  or  early  in  orbital  fli^t  and  of  the  con-  _ 
sequences  of  such  a catastrophe  has  been  the  principal  motivator  for  tradition- 
al testing  programs.  Much  of  this  apprehension  can  be  alleviated  by  the  Space 
Shuttle  which  makes  possible  in-orbit  checkout  of  spacecraft  before  they  are 
committed  to  orbit,  monitoring  of  their  early  orbital  performance,  and  recovery 
of  the  payload  for  repair  in  orbit  or  return  to  earth  in  the  event  of  earhy  mal- 
function. Once  the  consequences  of  early  hardware  failures  have  been  lessened, 
it  should  be  possible  to  reduce  significantly  the  scope  and  cost  of  testing 
programs . 
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In  addition,  load  testing  of  the  stnict-ures  and  mechanisms  of  low-cost  space- 
craft may  he  significantly  reduced  since  they  may  be  designed  without  weight 
constraints  and  with  hi^  factors  of  safety, 

5. 1.2. 5 System  Design  Guidelines . The  following  are  a few  guidelines  for  pay- 
load  system  designers,  which  have  been  implemented  in  the  design  of  low-cost 
payload  systems  during  the  performance  of  the  Payload  Effects  Analysis  study 
and  which  have  contributed  to  the  cost  savings  estimated  to  accrue  from  those 
designs; 

• Do  not  overspecify  performance  requirements . 

• Select  a simple  spacecraft  configuration,  taking  full  advantage  of  the 
payload  weight  and  volume  capability  of  the  Space  Shuttle. 

• Select  the  simplest  systems  that  will  meet  specification  requirements 
to  reduce  design,  analysis,  fabrication,  and  testing  efforts. 

® Establish  reliability  goals  based  on  the  in-orbit  checkout  capability 
of  the  Space  Shuttle. 

• Limit  equipment  redundancies  and  backup  operating  modes  to  those  ac- 
tually required  by  reliability  goals. 

• Avoid  new  technology  developments  but  exploit  new  technoloar  that 
has  been  reduced  to  hardware. 

• Minimize  command  and  data  requirements . 

5.1.3  Design  of  Low-Cost  Payload  Subsystems 

5.1.3 .1  Structures  and  Mechanisms  Subsystems.  When  wei^t  and  volume  con- 
straints are  relaxed  or  eliminated,  significant  reductions  in  the  cost  of 
spacecraft  structures  and  mechanisms  can  be  made  by  using  the  following  guide- 
lines in  design. 
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a.  Select  a simple  spacecraft  configuration  that  requires  only  a simple 
structure . 

t.  Provide  volume  for  low -density  equipment  installations  to  simplify 
installation  design  and  to  insure  complete  accessibility  of  equip- 
ment . 

V 

c.  Use  factors  of  safety  (three  or  greater)  for  sizing  structural 

elements  to  reduce  design  and  analysis  efforts  and  to  reduce  or  elim- 
inate static  load  testing. 

d.  Increase  dimensional  tolerances  to  simplify  tooling,  and  to  reduce 
fabrication,  assembly  and  quality  control  efforts. 

e.  Simplify  structural  elements  and  minimize  the  use  of  machined  parts 
to  reduce  design,  analysis,  fabrication  and  assembly  efforts. 

f . Use  commercially  available  grades  and  sizes  of  aluminum  sheet  and 
extrusions  for  most  structural  elements, 

g.  Minimize  the  use  of  sandwich  materials. 

h.  Do  not  use  beryllium,  composite  materials  or  other  hi^-cost 
materials . 

i.  Eliminate  deployment  mechanisms  whenever  the  latinch  vehicle  payload, 
envelope  permits  fixed  installation  of  solar  panels,  antennas,  sen- 
sors and  other  equipment. 

j.  Avoid  sophistication  and  miniaturization  of  mechanisms. 


5. 1.3. 2 Experiment  Subsystems.  Experiment  equipment  for  space  missions,  lihe 
spacecraft  structures  has  been  constrained  by  the  limited  payload  weight  and 
volume  capability  of  launch  vehicles.  When  weight  and  volume  constraints  are 
relaxed,  the  costs  of  Experiment  Subsystems  can  be  reduced  by  using  the  follow 
ing  guidelines  in  design. 
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a.  Select  simple  experiment  package  configurations,  taking  full  advantage 
of  the  greater  payload  capability, 

b.  When  experiment  thermal  control  requirements  differ  significantly  from 
other  spacecraft  subsystem  requirements,  isolate  the  experiment  to  sim 
plify  theimal  control  of  both  the  experiment  and  the  spacecraft. 

c.  Desigi  for  in-orbit  maintenance  of  experiment  installations  by  modular 
ization  of  equipment. 

d.  Design  low-density  experiment  installations  with  provisions  for  addi- 
tions of  or  changes  to  experiment  equipment. 

e.  Avoid  mechanisms  that  are  not  self  supporting  in  1-g. 

f . Design  low  density  electronic  packages  to  reduce  design,  development 

and  manufacturing  costs . > 

g.  Eliminate  in-fli^t  adjustments. 

h.  Avoid  use  of  high- cost  material  such  as  beryllium  for  weight 
reduction. 

i.  Avoid  miniaturization  for  weight  and  volume  reduction. 


.5. 1.3. 3 Stabilization  and  Control  Subsystems.  Stabilization  and  Control  Sub- 
systems are  usually  the  most  costly  subsystems  of  spacecraft  because  of  the 
complexity  of  the  sensors,  actuators,  and  electronic  equipment  required  for 
their  mechanization.  The  design  of  such  .subsystems  have  been  constrained  by 
weight,  volume,  and  power  limitations.,  and  have  been  complicated  by  redundancy 
and  backup  modes  incorporated  to  maximize  probability  of  mission  success.  Ef- 
forts to  reduce  the  costs  of  Stabilization  and  Control  Subsystems  should  seek 
to  reduce  their  complexity  and  to  eliminate  the  cost  penalties  that  derive 
from  wei^t  control  requirements.  Some  guidelines  for  the  design  of  Stabili- 
zation and  Control  Subsystems  are  as  follows: 
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a.  Select  the  simplest  system,  that  will  meet  specification  requirements, 
to  reduce  design,  analysis,  fabrication,  and  testing  efforts. 

h . Do  not  overspecify  component  performance  requirements . 

c.  Limit  equipment  redundancies  and  hacknp  operating  modes  to  those  spe- 
cifically required  by  reliability  goals. 

I 

d.  Simplify  equipment  design  by  taking  full  advantage  of  the  greater 
weight  and  volume  capability  afforded. 

I 

e.  Avoid  new  technology  development  and' exploit  technology  that  has 
been  reduced  to  hardware.. 

f . Tradeoff  the  use  of  a general-purpose  computer  for  Stabilization  and 
Control  and  Data  Processing  functions  against  alternate  mechaniza- 
tions . 

g.  Increase  the  volume  of  electronic  equipment  (x2  or  more)  to  reduce _ 
packaging  density,  thus  reducing  design,  manufacturing,  and  inspec- 
tion costs. 

I 

h.  Reduce  stress  on  parts  and/or  use  larger  hi^er-rated  parts,  thereby 
in  circuit  design,  increasing  confidence  in  performance,  and  reducing 
testing  costs. 

i.  Minimize  command  and  data  requirements. 

J.  Design  for  in-orbit  maintenance  by  modularization. 

5, 1.3. 4 CoTnrniJTiicatiaa,  Data  Processing,  and  Instrumentation  (CDPi)  Subsystems. 
The  Communications,  Data  Processing,  and  Instrumentation  subsystem  includes 
much  complex  electronics  equipment,  and  to  accomplish  cost  savings  in  the  de- 
sign, development,  and  procurement  of  CDPI  subsystems  means  must  be  found  to 
reduce  the  quantity  of  equipment  required  and  also  to  reduce  its  complexity. 
Digital  computers  can  perform  programming,  control  and  data  processing  func- 
tions, and  the  cost  saving  potential  of  computers  should  he  thoroughly  evaluated 
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in  the  system  design  of  a new  spacecraft.  Relaxation  of  weight  and  volxune  con- 
straints here  again  permits  the  design  of  lovr  density  electronic  equipment  that 
is  inherently  less  costly  to  design,  develop,  and  produce  than  high  density 
electronics , 

Standardization  of  CDPI  equipment  will  relieve  space  programs  of  the  costs  of 
design  and  development  and  will  result  in  significant  savings . 

The  design  guidelines  for  Stabilization  and  Control  subsystems  are  equally 
applicable  to  CDPI  subsystems . 

5. 1.3. 5 Electrical  Power  Subsystems.  Most  Electrical  Pcrwer  subsystems  of 
spacecraft  employ  solar  arrays  for  the  conversion  of  solar  energy  to  electrical 
energy  and  batteries  for  the  storage  of  electrical  energy.  They  include  equip- 
ment to  control  the  charging  of  the  batteries,  the  conversion  of  voltages,  and 
the  distribution  of  electrical  power. 

Changes  in  the  design  of  spacecraft  batteries  do  not  promise  significant  cost 
savings.  However,  if  battery  size  variations  can  be  limited  and  standardized, 
cost  savings  will  accrue  to  the  national  space  program. 

The  cost  of  equipment  for  regulation  and  control  of  electrical  power  can  be 
reduced  by  simpler,  low  density  packaging  and  by  standardization. 

Relaxation  of  weight  and  volTime  constraints  will  result  in  lower  costs  for 
solar  arrays,  which  can  be  of  simpler  design  and  can  be  made  of  low-cost  stnic- 
tural  materials  and  lower-rated,  less  costly  solar  cells. 

The  design  guidelines  for  Stabilization  and  Control  Subsystems  are  equally 
applicable  to  the  design  of  Electrical  Power  Subsystems. 

5.1, 3 -6  Attitude  Control  Subsystems . In  this  document,  by  definition,  the 
Attitude  Control  subsystem  is  limited  to  systems  that  produce  torques  by  the 
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expulsion  of  mass  for  orientation  or  stabilization  of  spacecraft . Considera- 
tion of  such  systems  at  this  time  is  further  limited,  to  those  employing  cold, 
gas.  Essentially  simple,  such  systems  are  relatively  low  in  cost  compared  to 
other  spacecraft  subsystems,  but  modest  cost  reductions  may  be  accomplished  in 
their  design  by  simplification  and  by  the  elimination  of  hi^  cost  materials. 
Furthermore,  when  wei^t  and  volume  restrictions  on  spacecraft  design  are  re- 
laxed, cold  gas  systems  may  be  used  to  the  exclusion  of  such  costly  control 
systems  as  momentum  wheels  and  magnetic  torqulng  systems.  Because  of  the  in- 
herent high-reliability  of  the  cold-gas  systems,  cost  savings  can  be  effected 
by  adding  a small  amount  of  functional  redundancy  and  extra  gas  to  allow 
doubling  or  tripling  the  operating  life  expectancy  between  refurbishments  or 
replenishment  of  gas. 

5. 1,3. 7 Environmental  Control  Subsystems.  The  Environmental  Control  subsys- 
tem comprises  primarily  the  on-orbit  thermal  control  system.  Essentially 
passive  thermal  control  techniques  (heaters  used)  are  used  almost  exclusively 
in  unmanned  spacecraft  and  are  relatively  low  in  cost  compared  to  other  space- 
craft subsystems.  However,  the  design  of  the  thermal  control  subsystem  for  a 
complex  spacecraft  like  the  OAO-B  required  extensive  analysis,  testing  and  de- 
tail design  of  the  installation  of  insulating  materials . Appreciable  cost 
savings  can  be  made  if  such  a thermal  control  system  can  be  extensively  sim- 
plified. Such  simplification  has  been  attained  in  the  design  of  the  thermal 
control  system  of  the  low-cost  OAO  discussed  in  this  report . 

5.1.4  Payload  Designers  Handbook 

LMSC  document  Ho.  A-990558,  "Design  Handbook  for  Low-Cost  Space  Shuttle  Pay- 
loads",  dtd  7 June  I97I,  has  been  prepared  by  LMSC  as  a part  of  the  Payload 
Effects  study  effort. 

In  preparing  the  designs  of  low-cost  payloads  many  factors  affecting  payload 
costs  and  program  costs  were  analyzed.  Methods  of  reducing  these  costs  were 
identified  and  implemented  in  the  designs  and  are  presented  in  the  Design 
Handbook. 
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The  immediate  objective  of  the  Design  Handbook  is  to  communicate  to  space 
program  planners,  managers,  and  designers  concepts  for  reducing  the  costs 
of  space  payloads  in  the  Shuttle  era.  Some  of  the  concepts  are  greatly  at 
variance  with  past  practice,  and  their  acceptance  by  the  leaders  of  the 
nation's  space  programs  is  essential  if  they  are  ultimately  to  be  applied 
in  payload  design. 

The  new  payload  designs  created  dttring  the  Payload  Effects  Analysis  study 
are  preliminary  and,  as  such,  are  not  documented  in  detail  in  engineering 
documents-  They,  however,  are  described  in  sufficient  detail  for  understand- 
ing and  evaluation  of  design  concepts  in  LMSC  Engineering  Memoranda  which 
have  been  prepared  and  made  available  to  the  members  of  the  MSA  Technical 
Monitor  Committee  for  the  Payload  Effects  Analysis  study. 

The  Design  Handbook  includes  brief  descriptions  of  the  cost  saving  features 
of  the  new  payload  designs,  presented  as  examples  to  illustrate  cost-saving 
guidelines  for  future  payload  desigis . It  also  Includes  brief  summaries  of 
Space  Shuttle  and  Space  Tug  performance,  environmental  and  interface  data,  to 
the  degree  that  they  affect  the  payload  design  concepts  presented. 
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5.2  LOW-COST  OKBITIN&  ASTRONOMICAL  OBSERVATORY  (OAO)  DESIGN 

The  designs  of  a low-cost  Orbiting  Astronomical  Observatory  (OAO),  for  launch 
"by  the  Space  Shuttle  and  hy  expendable  launch  vehicles,  are  derived  from  the 
OAO-B  observatory  and  are  described  in  the  following  paragraphs. 

5.2.1  OAO-B,  The  Baseline  OAO 

The  OAO-B  was  the  third  of  the  OAO  series  of  Orbiting  Astronomical  Observator- 
ies. It  comprised  the  Orumman  OAO  spacecraft  and  the  EASA  Goddard  Experiment 
Package  (GEP) , The  GBP  employed  a relatively  fast,  38-in.  (O.96  m)  Cassegrain 
telescope  with  a large-ape2?ttire  spectroneter  to  obtain  high  resolution  spectral 
data  from  point  and  extended  sources  in  the  ultraviolet  region  of  the  stellar 
spectrum. 

5.2.2  Shuttle-Launched  OAO  Performance  and  Design  Requirements 

The  design  of  the  low-cost  OAO  was  preceded  by  preparation  of  a document,  LMSC- 
A97389O-A,  "General  Specification  - Performance  and  Design  Requirements  for 
Low-Cost  Orbiting  Astronomical  Observatory" , dtd  5 May  1971  (Revised) . The  per- 
formance requirements  included  in  the  specification  were  the  same  as  for  the 
baseline  OAO-B.  The  design  was  developed  in  general  accordance  with  the  re- 
quirements stated  in  this  specification. 

The  OAO  is  designed  to  operate  for  one  year  in  a circular  orbit  of  390  to  4l7 
nm  (722  to  772  Ion)  altitude  inclined  35°  ± 1°  to  the  earth's  equator. 

The  Shuttle -launched  OAO  will  he  transported  to  its  operational  orbit  by  the 
Space  Shuttle.  It  will  be  checked  out  in  the  Shuttle  cargo  bay  to  insure 
normal  functioning  of  all  equipment  before  being  released  from  the  Shuttle. 
Equipment  modules  found  to  be  malfunctioning  may  be  replaced  prior  to  orbit 
deployment  with  spare  modules  carried  in  the  cargo  hay. 
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5.2.3  Low-Cost  Shuttle-Laimched  OAO  Configgiration 

The  fli^t  configuration  of  the  low-cost  OAO  is  shown  in  Fig.  5-I.  In  the 
lannch-stowed  condition,  the  solar  array  paddles  are  folded  flat  against  the 
aft  face  of  the  cylindrical  equipment  section  and  the  telescope  sun  shield  is 
retracted  48  in.  (l.22  m),  making  the  overall  retracted  length  23  ft  (7P1  m) . 

A 48  X 48  in.  (1.22  X 1.22  m)  opening  is  provided  in  each  solar  array  and  in 
the  stowed  position  these  openings  are  coincident  and  allow  access  to  the  in- 
terior of  the  8 ft  (2.44  m)  diameter  tunnel  for  inspection  or  repair  prior  to 
payload  deployment  from  the  Shuttle  and  for  later  module  replacement. 

5.2.4  Description  of  Low-Cost  Shuttle -Launched  OAO 

5. 2.4.1  Subsystems  of  the  OAO.  The  subsystems  comprising  the  OAO,  both  Shuttle 
launched  and  expendable -launched,  and  the  LMSC  informal  Engineering  Memos  that 
describe  them  in  detail  are  as  follows: 


Subsystem 

Experiment 

Stabilization  & Control 

Communications,  Data  Processing,  8s 
Instrumentation 

Electrical  Power 

Attitude  Control 

Environmental  Control 

General  Description  of  Low-Cost  OAO 


Engineering  Memo 
EE-1 
EE-2 


PE-3 

pe-4 

PE-5 
EE -6 
EE -7 


Summary  descriptions  of  all  subsystems  are  presented  in  the  following  para- 
graphs. A separate  Engineering  Memo  describing  the  Structures  & Mechanisms 
Subsystem  (general  data  was  included  in  EE-7)  bas  not  been  prepared  and  that 
subsystem  is  described  first. 

5. 2. 4. 2 Structures  & Mechanisms  Subsystem.  For  reference  purposes,  the  base- 
line OAO-B  structures  and  mechanisms  are  shown  in  Fig.  5-2,  The  basic  structure 
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is  an  octagonal  cylinder  approximately  7 ft  (2.I3  m)  wide  and  10  ft  (3.O5  m) 
high.  It  includes  a central  tube  48  in.  (l.22  m)  in  diameter  and  II8  in. 

(3.0  m)  long  in  which  the  experiment  package  is  installed.  The  ei^t  primary 
trusses  are  machined  and  chem-milled  from  alnminum  plate.  The  f onward  and  aft 
bulkheads  and  the  equipment  shelves  form  48  equipment  bays.  Secondary  struc- 
ture is  provided  in  each  bay  for  the  support  of  one  or  more  items  of  equipment. 
Hinged  doors  provide  access  to  the  installed  equipment. 

The  general  configuration  of  the  low-cost  OAO  equipment  section  structure  is 
shown  in  Fig.  5-3.  The  equipment  section  is  cylindrical,  13  ft  (3.96  m)  in 
diameter  and  8 ft  (2.44  m)  long.  Twenty-four  equipment  compartments  surround 
an  8 ft  (2.44  m)  diameter  by  8 ft  (2.44  m)  long  empty  volume  in  which  ground 
technicians  Space  Shuttle  crewmen  may  work,  installing  or  removing  equipment 
modules  from  the  equipment  compartments.  Modules  are  retained  by  mechanisms 
that  axe  designed  to  be  operated  by  a space- suited  Shuttle  crewman. 

The  equipment  section  structure  is  a riveted  assembly  consisting  primarily  of 
commercially- available  aluminum  sheet  and  extrusions.  Factors  of  safety  of 
three  or  greater  are  used  to  reduce  design  and  analysis  efforts  and  to  reduce 
or  eliminate  detail  static  load  testing. 

The  forward  bulkhead  of  the  equipment  section  is  the  basic  reference  for  align- 
ments in  the  lovr-cost  OAO  and  machined  surfaces  are  provided  for  the  attachment 
of  the  experiment  package  and  for  indexing  equipment  modules  containing  attitude 
reference  equipment  such  as  star  trackers  and  inertial  reference  units.  Modules 
may  be  removed  and  replaced  while  alignment  is  maintained  within  specified 
tolerances . 

The  aft  bulkhead  is  of  sheet  metal  construction.  Access  to  the  work  space  in- 
side the  equipment  section  is  through  a 4 ft  ( 1.22  m)  square  door. 

The  Icw-cost  OAO  equipment  section  structure  is  ruggedized  and  simpler  than  the 
baseline  OAO-B  equipment  section  and  has  far  fewer  piece  parts.  For  these 
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reasons,  the  cost  of  developing  and  manufactnring  the  low-cost  OAO  structm'e 
is  significantly  lower  than  the  corresponding  costs  for  the  baseline  OAO-B. 

The  arrangement  of  equipment  modules  in  the  low-cost  OAO  is  shown  in  Fig. 

The  components  comprising  each  module  and  the  module  weights  are  listed  in 
Figs,  5-5a,  5“5b,  and  5“5c.  The  configurations  of  the  modules  have  been  de- 
termined as  a result  of  LMSC-imposed  requirements,  which  (l)  limited  module 
sizes,  wei^ts,  and  unit  costs;  (2)  provided  for  acceptable  overall  OAO  weight 
and  balance  (mass  distribution);  and  (3)  dictated  combination  of  similar  func- 
tional equipment  into  the  same  module. 

5.2.U.3  Experiment  Subsystem.  The  design  of  a low-cost  Experiment  Package 
for  the  low-cost  OAO  was  derived  from  the  Goddard  Experiment  Package  (GEP)  of 
the  OAO-B  shown  in  Fig.  5-6.  The  GEP  was  designed  to  be  installed  within  the 
central  tube  of  the  OAO-B  spacecraft,  and  its  thermal  control  requirements 
constrained  and  added  to  the  complexity  and  cost  of  the  thermal  control  design 
of  the  spacecraft.  Similarly,  the  GEP  design  was  complicated  by  the  thermal 
environment  provided  by  the  spacecraft.  Weight  constraints  imposed  on  the 
design  of  the  GEP  led  to  the  use  of  beryllium  mirrors  that  were  more  costly 
than  mirrors  of  conventional  optical  materials.  The  optical  properties  of 
beryllium  mirrors  were  unstable  in  1-g,  and  optical  calibration  procedures 
were  consequently  more  complex  and  costly  than  they  would  have  been  if  rigid 
but  heavier  mirrors  had  been  used.  In-orbit  focus  control  of  the  GEP  was  re- > 
quired  to  compensate  for  calibration  uncertainty  due  to  thermal  effects  and 
the  instability  of  the  beryllium  mirrors. 

The  general  configuration  of  the  LMSC-designed  Experiment  Package  for  the  low- 
cost  OAO  is  shown  in  Fig.  5-7.  The  basic  optical  design  of  the  GEP  is  un- 
changed. However,  all  the  optical  elements  are  fabricated  from  a convention- 
al optical  material,  CerVit  (a  fused  silica  material)  which  has  a very  low 
coefficient  of  thermal  expansion.  All  the  mirrors  and  the  grating  are  made 
from  solid  CerVit  blanks  having  a diameter-to-thickness  ratio  of  approximately 
6 to  insure  aB.equate  stiffness  in  a 1-g  environment  and  to  facilitate  fabrica- 
tion and  calibration.  The  lov?-cost  Experiment  Package  structure  is  an  aluminum 
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COMPAffifflENT 

MODULE 

A-1 

EMPTY 

A-2 

ELECTRICAL  POWER  NO.  2 

A-3 

ATTITUDE  CONTROL  NO.  1 

B-1 

EMPTY 

B-2 

ELECTRICAL  POWER  NO.  1 

E-3 

EMPTY 

C-1 

EMPTY 

C-2 

EMPTY 

C-3 

ATTITUDE  CONTROL  NO.  2 

D-1 

STABILIZATION  & CONTROL  NO.  1 

D-2 

EXPERIMENT  NO.  1 

D-3 

EMPTY 

£••1 

STABILIZATION  & CONTROL  NO.  3 

E-2 

CDPI-J^  DATA  DISTRIBUTION  UNIT^w 

E-3 

ATTITUDE  CONTROL  NO,  3 

P-1 

STABILIZATION  & CONTROL  NO,  2 

F-2 

CDPI*  NO.l 

F-3 

EMPTY 

G-1 

EMPTY 

G-2 

CDPI  NO.  2 

G-3 

ATTITUDE  CONTROL  NO.  k 

H-1 

EMPTY 

H-2 

STABILIZATION  & CONTROL  NO.  k 

H-3 

EMPTY 

Goftmunications,  Data  Processing,  & Instrumentation 
Fixed  unit,  not  replaceable  in  orbit 


Fig.  5-^  Low-Cost  OAO  Module  Locations 
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SUBSYSTEM 

MODULE 

BQUIRfflNT  IN  MODUIfi 

MODULE  WEIGHT  (LB) 

ELECTRICAL 

BATTERY 

0 Ni-Cd  Battery  (3) 

0 Power  Control  Unit 

1 

C NO.  1 J 

0 Power  Regulator  Unit 
0 State  of  Charge  Unit 
0 Diode  Box 
0 Ground  Power  Relay 
0 Battery  Current  Sh\mt  Assy. 
0 Module  Base  (20  lb) 

0 Module  Cover  (25  lb) 

0 Internal  Cabling  (20  lb) 

Basic 
15^  Cent. 

390  lb  1 

58 

Total 

448  lb 

1 

EIECTRICAL 

POWER. 

(ho.  2 ) 

0 Voltage  Regulator-Converter 
0 Voltage  Inverter 
0 Power  Distribution  Unit 
0 Module  Base 
0 Module  Cover 
0 Internal  Cabling 

Basic 
15jS  Gont, 

170  lb 
26 

Total 

196  lb 

COMMUNICATIONS, 
DATA  PROCESSING, 
INSTRUMENTATION 

COMPUTER 

(no.  1 ) 

0 Digital  Computer  (2) 

0 Interface  &.  Timing  Ifeit  (2) 
0 Cold  Plate  (Passive) 

0 Module  Base 
0 Module  Cover 
0 Inter.ial  Cabling 

Basic 
15^  Cont, 

280  lb 

42 

Total 

322  lb 

— 

COI-IMUNIC'ITIONS, 
DATA  PROCESSING, 
INSTRUMENTATION 

COMMUNII3ATION 

EQUIPMENT 

0 Tape  Recorder 
0 Narrow  Band  Transmitter 
0 VJideband  Transmitter 
0 Cojnmand  Receiver  (2 ) (2  channel ) 

Basic 
l5^  Cont, 

90  lb 
14 

CNO.  2 ) 

0 Module  Base 
0 Module  Cover 
0 Internal  Cabling 

Total 

104  lb 

i 

! 

1 It)  = 0.4536  kg 

Fig.  5-5a  Low-Cost  OAO  Modules  (l  of  3) 
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SUBSYSTEM 

MODULE 

j— 

EQUIPMENT  IN  MODULE 

MODULE  WEIGHT  (LB) 

STABILIZATION  & 
CONTROL 

PRIMARY 
ATTITUDE 
REFERENCE 
(2  Reqd,) 

/■  N 

0 Giraballed  Star  Tracker 
0 GST  Electronics 
0 Inertial  Reference  Unit 
0 Chassis -Alignment 
0 Module  Base 
0 Module  Cover 

Basic 
1$%  Cent, 

lllO  lb 
21 

11 1 m 

^otal  [ 

161  lb 

0 Internal  Cabling 

STABILIZATION  & 
CONTROL 

1 

SECONDARY 

ATTITUDE 

REFERENCE 

(no.  3 ) 

b Gimballed  Star  Tracker 
0 GST  Electronics 
0 Bore-Sight  Star  Tracker 
0 BST  Electronics 
b Digital  Solar  Aspect  Sensor 
Electronics 
0 Chassis  - Alignment 
0 Module  Base 
0 Module  Cover 
0 Internal  Cabling 

Basic 

Cont, 

130  lb 
20 

\ 

1 

] 

1 

t 

STABILIZATION  & ■ 
COOTROL 

WHEEL 

0 Momentum  Wheels  - Fine  (3) 
0 Wheel  Control  Electronics 
0 Fine  Solar  Aspect  Sensor 
0 FSAS  Electronics 
0 Chassis  - Alignment 
0 Module  Base 

160  lb 

C»0.  !i  ) 

Basic 

1 

15^  Cont, 

26 

Total 

186  lb 

0 Module  Cover 
0 Internal  Cabling 

1 lb  = 0.4536  kg 
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MODULE 


EQUIPMENT  IN  MODULE 


MODULE  WEIGHT  (LB) 


ATTITUDE 

CONTROL 


EXPERIMENT 


ATTITUDE 

CONTROL 

( NO.  I ~ 
( NO.  2 ~ 

(no.  3 ~ 

(NoTr“ 


EXPERIMENT 

iSLECTRONICS 

MODULE 

( NO.  1 3 


o Tank 

o Valves:  Fill,  Relief,  Solenoid 
Latdiing,  Solenoid  Thrust- 
0 Regulators;  ^^i^.  Low 
0 Thrust  Nozzles:  High  (3),  Low  (3) 
o Transducers 
0 Solar  Aspect  Sensor 
o Thruster  Electronics 
0 Sub -Chassis  and  Fairing 
0 Plumbing 
o Module  Base 
0 Module  Cover 
0 Internal  Cabling 

o Electronics  Unit 
0 Module  Base 
0 Modxile  Cover 
0 Internal  Cabling 


Basic  l80  lb  (dry) 

iSi  Cent.  27 

Total  207  lb 


Basic 


130  lb 


20^  Cent,  26 


Total 


156  lb 


EXPERIMENT 


ELBCTRO- 

MEOlANlCAIi 

( NO.  2 ) 


0 Focal  Flane  Assembly 
o Fine  Guidance  Assembly 
o Sub -Chassis 
o Module  Base 
0 Module  Oever 
o Internal  Cabling 


Basic  l50  lb 
1$^  Gont,  23 

Total  ! 173  lb 


Note;  There  is  one  additional  module  in  the  CDPI  subsystem,  the  Data  Distribution  Unit,  wbicb  is 
not  replaceable  in  orbit . It  has  a very  high  reliability,  being  comprised  of  primarily 
passive  circuitry  and  performs  a junction  box  function  in  the  Spacecraft. 

1 lb  = 0.4536  kg 


Fig.  5-5c  Low-Cost  OAO  Modules  (3  of  3) 
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shell  stiffened  by  aluminum  rings  and  longerons.  All  material  is  commercially- 
available  aluminum.'  factors  of  safety  of  three  or  greater  are  used  to  (a)  in- 
sure the  stiffness  required  to  preserve  the  aligrmient  of  the  optical  elements, 
(h)  to  reduce  the  design  and  analysis  effort,  and  (c)  to  reduce  or  eliminate 
requirements  for  static  load  testing. 

The  primary  mirror  support  is  shown  in  Fig.  5-8.  The  support  frame  is  a weld- 
ment of  extruded  aluminum  channel  designed  for  direct  attachment  to  six  of  the 
internal  longeron  members  of  the  shell  structure.  Three  tangential  mirror  sup- 
ports provide  for  mirror  alignment. 

The  secondary  mirror  is  installed  at  the  forward  end  of  the  shell  structure  as 
shown  in  Fig.  5-9.  Support  and  lateral  positioning  of  the  mirror  are  provided 
by  four  adjustable  flexure  links.  Alignment  of  the  mirror  is  provided  by  three 
adjustment  screws. 

The  detector  and  grating  assembly  is  supported  as  shown  in  Fig.  5-10*  The 
assembly  is  mounted  on  rails  and  may  be  removed  and  replaced  in-orbit. 

The  spectrometer  mirror  is  supported  by  the  "tripod"  beam  assembly  shown  in 
Fig.  5-11.  The  three  beams  are  attached  to  three  internal  longerons  of  the 
shell  structure.  Ho  provision  for  lateral  or  longitudinal  adjustment  of  the 
mirror  is  necessary.  However,  tilt  adjustment  is  required  and  is  provided  by 
three  adjustment  screws. 

Additional  cost  savings  in  the  design  of  the  low-cost  Experiment  Package  were 
achieved  by  the  elimination  of  the  in-orbit  focus  provisions,  which  are  no 
longer  required  because  of  the  rigidity  of  the  structure  and  the  virtual  elim- 
ination of  temperature  gradients  attained  by  isolating  and  insulating  the  ex- 
periment package. 

Additional  details  of  the  low-cost  OAO  Experiment  Package  design  are  contained 
in  LMSC  Engineering  Memo  PE-l. 
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5. 2. 4. 4 stabilization  and  Control  Subsystem.  The  design  of  a low-cost  Sta- 
bilization and.  Control  (S&C)  subsystem  for  the  low-cost  OAO  is  derived  from 
the  equivalent  subsystem  of  the  OAO-B.  Both  are  described  in  succeeding  para- 
graphs . 

a.  Baseline  Stabilization  & Control  Functions  and  Hardware 


The  functions  of  the  S8sC  subsystem  of  the  OAO-B  were  as  follows: 

• To  stabilize  the  spacecraft  following  launch  vehicle  separation,  and 
establish  a preselected  attitude  with  precision. 

• To  orient  the  spacecraft,  as  required,  to  the  reference  attitudes 
dictated  by  the  mission  objectives. 

o To  hold  the  spacecraft  in  a reference  attitude  with  the  required 
accuracy  over  long  periods  of  time. 

To  perform  these  functions,  the  OAO-B  spacecraft  employs  gyros,  solar  sensors, 
star  trackers,  and  magnetometers  as  sensors  with  inertia  wheels,  nitrogen-gas- 
^ets,  and  magnetic  torquers  as  energy  devices  for  control  and  momentum  un- 
loading. With  each  of  the  sensors  there  is,  in  general,  an  associated  elec- 
tronics unit  called  "signal  processor,"  and  with  each  of  the  actuators  there 
is,  in  general,  an  associated  electronics  unit  designated  a "controller." 

In  addition,  there  is  a logic  unit,  or  " programmer,"  which  sequences  the  S&C 
subsystem  through  its  various  modes  of  operation. 

i 

After  injection  into  orbit,  separation  of  the  spacecraft  from  the  Centaur  re- 
sults in  tumbling  of  the  spacecraft.  Gyros  and  solar  sensors  detect  spacecraft 
rate  and  position  and  produce  error  signals  needed  to  actuate  the  gas  jets  and 
inertia  wheels  for  stabilization.  Initial  stabilization  could  be  programmed 
to  result  in  one  of  two  orientations:  (l)  solar  paddles  normal  to  the  sun -or 

(2)  spacecraft  aft  end  normal  to  the  sun.  From  either  of  these  orientations 
the  spacecraft  could  be  programmed  such  that  control  was  transferred  to  the 
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gimballed  star  trackers.  This  was  accomplished  in  one  of  two  methods; 

® Star  search  - The  spacecraft  orientation  (three  axes)  was  determined 
from  solar  aspect  sensor  and  magnetometer  data,  while  holding  on  the 
inertial  reference  unit.  Guide  Star  positions  were  computed  with  re- 
spect to  this  spacecraft  orientation.  The  star  trackers  then  were 
programmed  to  search  and  lock  on  the  stars  by  executing  a star  search 
routine . 

• Roll  search  - The  initial  stabilization  placed  the  aft  end  of  the 
spacecraft  normal  to  the  sun.  A roll  search  around  this  sunline 
was  initiated  at  a given  spacecraft  rate.  A number  of  guide  stars 
were  selected  to  form  a pattern  and  the  star  trackers  were  programmed 
to  the  calculated  guide  star  positions . The  spacecraft  then  auto- 
matically switched  to  tracker  control  when  the  trackers  acquired  the 
guide  stars  simultaneously. 

The  spacecraft  then  had  a stellar  frame  of  reference  to  which  subsequent  sat- 
ellite movements  4&ould  be  related.  In  addition,  the  inertial  reference  unit 
(IRU)  now  could  be  reset  to  establish  its  inertial  three  axes  reference. 
Spacecraft  maneuvers  required  to  point  the  experiment  were  performed  under 
tracker  or  IRU  control.  Two  axes  control  of  the  satellite  was  transferred 
to  the  experiment  for  extremely  accurate  pointing  of  the  spacecraft  (fine 
control  mode) . 

Each  of  the  three  major  spacecraft  axes  has  a large  and  a small  inertia  wheel . 
The  large  (coarse-control)  wheel  slews  the  satellite,  while  the  small  (fine- 
control)  wheel  stabilizes  the  satellite  against  small  disturbing  torques  af- 
ter the  desired  pointing  has  been  attained.  In  the  fine -control  mode,  the 
satellite  can  maintain  its  pointing  direction  with  an  accuracy  of  0.1  sec  by 
using  an  error  signal  derived  from  experiment  optics. 

To  prevent  the  inertia  wheels  from  beqoming  saturated,  the  gas  Jet  system  and 
a magnetic  torqulng  system  (a  set  'of  orthogonal  electromagnetic  coils)  will 
permit  momentum  diamping.  ‘ 
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In  the  coarse-control  mode,  using  star  trackers  for  error  sensors,  the  three 
axes  pointing  accuracy  should  he  within  1 min.  -with  a drift  rate  of  less  than 
15  sec  in  50  min. 

h • Low-Cost  OAO  Stabilization  & Control  Subsystem 

I 

The  low-cost  OAO  S&C  subsystem  retains  many  of  the  features  of  the  equivalent 
subsystem  of  the  baseline  OAO 'but  differs  from  the  baseline  subsystem  in: 

(1)  Relying  more  upon  on-board  data  processing  and  less  on  ground  processing 
and  communication;  (2)  eliminating  equipment  dedicated  to  alternate/backup 
modes,  (3)  reducing  the  amount  of  electronic  hardware  by  integrating  all  data- 
processing  and  sequencing  functions  into  a programmable  general-purpose  digital 
computer,  and  (4)  eliminating  primary  actuator  equipment  whose  functions  can 
be  performed  efficiently  by  cold;  gas  jets. 

Figure  5-12  shows,  the  functional  and  equipment  relationships . The  inertial 
reference  unit  (lEU)  and  two  gimballed  star  trackers  (GST)  provide  attitude 
data  to  the  computer  which  combines  them  in  a Kalman  filter  algorithm  to  com- 
pute spacecraft  attitude  precisely.  Errors  from  the  reference  attitude  pro- 
duce signals  to  drive  reaction  wheels  and  cold  gas  jets  to  supply  3 -axis  sta- 
bilization and  control.  Primary  attitude  control  torques  are  obtained  by  vary- 
ing the  speed  of  the  reaction  wheels,  equivalent  to  the  OAO  "fine"  wheels.  In- 
ert ially- secular  disturbance  torques  can  cause  the  wheels  to  saturate  (reach 
maximum  speed) ; wheel  desaturation  is  accomplished  by  torquing  the  spacecraft 
with  the  low-level  cold  gas  jets. 

Reorientation  from  one  attitude  reference  to  another  is  accomplished  hy  a 
series  of  single  axis  slews  derived  by  the  on-hoard  computer  and  using  the 
high-level  cold  gas  jets.  IRCJ-detected  attitude  errors  control  attitude  about 
the  non-slew  axes  during  slewing. 

The  Boresighted  Star  Tracker  and  Experiment  Package  error  sensor  perform  the 
same  roles  as  for  the  baseline  OAO  Subsystem,  namely,  provide  a more  precise 
pitch  and  yaw  attitude  reference  than  that  obtained  from  the  gimballed  star 
trackers  (GSTs) . 
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Digital 
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GST 
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DSAS 

Electronics  <2) 
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Electronics  ID 


IRU 

Electronics  (I) 


Command- 
Recelver 


■ » 

COMPUTER/I  NTERFACE/DISTRIBUTION 

UNITS 

0 Signal  Conditioning,  Formatting, 

and  Distribution 
0 A/0  and  D/A  Conversion 
0 Timing 

0 Command  Interface 

0 Telemetry  Interface 
0 Auxiliary  Storage 

© 

GEP 

Error 

Sensor  fF 

Fine  Wheel 

Fine 

Control 



Reaction 

Electronics  II) 

Wheels  (3) 

Cold  Gas 

High  - and 

Jet  Control 

' 

Low-Level 

Electronics  (4) 

Cold  Gas  Jets  [A 

Telemetry 

Transmitter  (C 

C * Part  of  Communications  & Data  Processing 
©-Shared  with  " " " " 

A * Part  of  Attitude  Control  Pneumatics 
P ' Part  of  Payload 

( )•  Number  Required  (non-redundanU 


GENERAL  PURPOSE  DIGITAL  COMPUTER 


0 Inertial  Attitude  Computation 
0 Optimal  Attitude  Update  (Kalman  Filter) 
0 Gyro  Drift,  Bias  Error  Estimation 
0 Attitude  Control  Error  Generation  (7) 

0 Reaction  Wheel  Drive  Commands 
0 Gas  Jet  Drive  Commands 


O'  Guide  Star  Selection 
0 Gimbal  Angle  Reference 
0 BST  Angle  Offset 
0 Ephemerls  Update 
0 Slew  Command  (^Deration 
0 Mods  Selection  Logic  © 


Fig.  5-12  Block  Diagram  - Low  Cost  S&C  Subsystem 
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The  principle  of  operation  of  the  primary  attitude  determination  function  is 
to  obtain  accurate  long-term  attitude  information  from  the  GSPs  and  a computer 
stored  star  catalog,  while  the  IRU  gyros  provide  a precise  short-term  referenc 
The  computer  processes  and  mixes  the  information  from  both  sources. 

By  continuously  maintaining  a record  of  the  instantaneous  attitude  in  the 
computer,  the  ability  to  acquire  stars  and  to  maneuver  is  considerably  en- 
hanced over  the  baseline  OAO,  and  the  chances  of  loss  of  star  reference  are 
diminished.  This  hl^er  assurance  of  success  in  finding,  holding,  and  reac- 
quiring stars  should  reduce  the  level  of  design  analysis,  verification  and 
testing  efforts  and  lessen  the  need  for  backup  modes  and  equipment  on-board. 
By  reducing  the  ground  support  of  flight  operations  to  periodically  transmit- 
ting blocks  of.  spacecraft  reference  attitudes  for  payload  orientation,  not 
only  are  ground  operations  minimal,  but  the  data  link  support  is  correspond- 
ingly reduced  in  requisite  quantity  and  quality,  and  criticality  of  timing. 

replacing  hardware  with  software  not  only  are  non-recurring  and  recurring 
costs  reduced  but  the  cost  impact  of  changes  which  inevitably  occur  during 
development  (due  to  inadequate  performance  or  changed  requirements)  Is  con- 
siderably softened. 

The  major  functional  features  of  the  low-cost  OAO  S&C  subsystem,  together  wi'Wi 
the  cost  reduction  features  of 'the  design,  are  listed  on  Fig.  5~13.  Cost  re- 
duction was  accomplished  by  the  elimination  of  all  OAO-B  equipment  and  oper- 
ating modes  not  essential  to  compliance  with  the  OAO-B  system  requirements 
specification;  and  hy  incorporating  a general  purpose  computer  (thus  reducing 
the  number  of  electronic  packages  needed  for  S&C  functions)  and  substituting 
software  for  hardware  in  the  processing  of  data. 

5. 2. 4. 5 Communication.  Data  Processing,  and  Instrumentation  Subsystem.  The 
design  of  a low-cost  Communication,  Data  Processing,  and  Instrumentation 
(CDEC)  subsystem  for  the  low-cost  OAO  is  derived  from  the  CDPI  subsystem  of 
the  OAO-B.  Both  are  described  in  succeeding  paragraphs. 
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FUNCTIONAL 


• EETAINS  ONLY  ESSENTIAL  OAO  OPERATING  MODES/EQUIPMENT 

• CONTINUOUSLY  COMPUTES  SPACECRAFT  ATTITUDE  ON-BOARD 

6 MAKES  ATTITUDE  CONTROL  INDEPENDENT  OF  LONG-TERM  ATTITODE  REFERENCE 

• HAS  HIGH  DEGREE  OP  AUTONOMOUS  CAPABILITY 

• USES  SOFTWARE  INSTEAD  OF  HARDWARE  FOR  SIGNAL  PROCESSING/LOGIC/SEQUENCING 

• RETAINS  SOME  DEGRADED  BACKUP  MODE  CAPABILITIES 

V COST  REDUCTION 

CO  • ELIMINATES  TWELVE  PRIMARY  OAO  ELECTRONICS  PACKAGES 

• ELIMINATES  OAO  COARSE  MOMENTUM  WHEELS  AND  MAOIETIC  TORl^JERS 

• ELIMINATES  OAO  COARSE  AND  FINE  SUN  SENSORS 

• ELIMINATES  TWO  GIMBALLED  SCAR  TRACKERS 

• ELIMINATES  EQUIPMENT  DEDICATED  TO  ALTERNATE  MODES  (RAIB) 

• REDUCES  RDT&E  COSTS  ASSOCIATED  WITH  DESIGW/REQUIREMENT  CHANGES 

• REDUCES  RDT&E  COSTS  ASSOCIATED  WITH  DESIGN  VERIFIGATION  AND  TESTING 

_ • REDUCES  FLIGHT  SUPPORT  OPERATIONS  AND  EQUIPMENT  INCLUDING  DATA 
PROCESSING  AND  DATA  LINK 
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Fig.  5-13  Features  of  Low-Cost  OAO  S&C  Subsystem 
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a.  Baseline  OAO-B  CDPI  Subsystem  Functions  and  Hardware 


The  functions  of  the  OAO-B  "baseline  CDPI  subsystem  are  as  follows: 

• collect,  store,  and  transmit  experiment  data  to  ground  receiving 
stations 

• collect,  store,  and  transmit  experiment  and  spacecraft  equipment 
status  information  to  ground  receiving  stations 

• provide  a beacon  signal  for  ground  stations  to  track  the  spacecraft 

I 

• receive,  decode,  and  distribute  real-time  and  stored  command  in- 
formation from  ground  s4ations  to  control  operation  of  observatory 
equipment 

• provide  observatory  system  timing  and  programming  functions 

Functional  relationships  of  the  CDPI  subsystem  are  shown  in  Fig.  5-1^.  Com- 
munications equipment  for  receiving  ground  command  signals  and  transmitting 
tracking  signals,  command  verification  signals,  and  spacecraft  and  experiment 
data  consisted  of  four  radio  links: 

• Radio  command  (l5^  MHz  OAO-B  ) 

• Radio  tracking  beacon  (136  MHz) 

• Wideband  telemetry  (ifOO  MHz) 

• Harrowband  telemetry  (136  MHz) 

The  radio  command  system  included  redrmdant  command  receivers  used  with  two 
antennas  in  a diversity  receiving  system.  Four  receivers  and  two  antennas 
for  redundancy  provided  the  radio  link  for  ground  control  of  the  spacecraft 
subsystems  and  experiment  apparatus . 
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Fig.  5-i4  CDPI  Subsystem  Functional  Diagram 
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The  radio  tracking  beacon  supplied  a continuous  signal  to  facilitate  ground 
tracking  of  the  spacecraft.  Ground  command  could  select  either  of  two  iden- 
tical transmitters. 

The  wideband  telemetry  link  consisted  of  two  transmitters.  Ground  command 
transmitted  analog  or  digital  data  from  the  experimenters ’ units  or  digital 
data  from  the  spacecraft.  Ground  command  also  selected  the  data  to  be  trans- 
mitted: analog  data  were  transmitted  only  in  real  time;  digital  data  were 

transmitted  from  storage  or  in  real  time . 

The  narrowband  telemetry  link  consisted  of  two  identical  transmitters.  Ground 
command 'selected  transmission  of  (l)  spacecraft  status  data,  (2)  command  veri- 
fication, (3)  command  memory  dump,  or  (4)  stored  status  or  experiment  data. 

From  a functional  standpoint,  excluding  the  redundancy  of  transmitters  and 
receivers,  and  antenna  radiators,  an  antenna  set  operated  at  approximately 
136  MHz  with  the  tracking  beacon  and.  narrowband  telemetry  transmitter  and  at 
approximately  l48  MHz  with  the  command  receivers . An  ultrahigh  frequency 
antenna  set  worked  with  the  wideband  telemetry  at  approximately  400  MHz.  This 
antenna  arrangement  furnished  nearly  omnidirectional  coverage  about  the  ob- 
servatory. 

The  data-processing  system  included  circuits  and  storage  capabilities  to  ver- 
ify, decode,  store,  and  distribute  digital  space craft -control  and  experiment 
commands.  It  also  stored  digital  data  and  transmitted  them  from  storage  on 
ground  command.  The  system  provided  tuning  signals  for  Internal  synchroni- 
zation and  for  use  by  experiment  and  spacecraft  equipments.  The  system  also 
included  spacecraft  and  experiment  data  handling  equipment  to  accept  digital 
datuj  accept  and  convert  analog  data  to  digital  data,  and  assembled  those 
data  into  a suitable  format  for  storage  or  real-time  transmission  to  the 
ground.  The  digital  and  analog  gate  circuitry  was  available  for  the  experi- 
menter to  program  data  storage.  Random  prograiaming  of  experiment  data  into  sto- 
rage was  permissible.  Eeal-timS  transmission  of  experiment  data  backed -up  the 
data-storage  system.  During  real-time  transmission,  data  sources  were  sampled 
in  a cyclic  time  sequence  controlled  by  a real-time  programmer  included  as  part 
of  the  experiment  data-handling  equipment. 
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The  command  system  contained  circuits  for  decoding,  distributing,  and  storing 
commands  received  from  the  ground-command  station  over  the  radio  command  re- 
ceiver system.  The  command  decoder  handled  the  real-time  cooGmiands  to  be  exe- 
cuted immediately  after  verification  in  the  spacecraft,  and  the  stored  com- 
mands to  be  placed  in  storage  (after  onboard  verification)  for  execution  at 
a later  time.  In  addition,  all  commands  could  be  retransmitted  to  the  ground. 
Both  real-time  and  stored  commands  could  be  transmitted  over  the  narrowband 
telemetry  link,  and  command  memory  could  be  transmitted  over  the  wideband 
telemetry  link  to  permit  ground  verification.  Stored  commands  were  programm- 
able a,Tid  could  be  executed  in  small  time-address  increments.  If  two  or  more 
commands  had  the  same  execution  time  code,  they  were  executed  within  the  same 
increment  in  the  same  order  received. 

A system  clock  provided  the  timing  signals  or  pulses  required  by  the  observa- 
tory and  synchronized  all  data  words  and  command  words. 

Encoded  analog  data  and  data  originally  generated  in  binary  form,  was  assem- 
bled into  a suitable  format  for  storage  or  real-time  transmission  to  the 
ground  over  the  narrowband-transmitter  system. 

The  equipment  required  to  mechanize  the  baseline  OAO-B  CDPI  subsystem  is  shown 
later  (compared  with  the  low-cost  CDPI  subsystem)  on  Fig.  5-I6  The  Ejqjeriment 
and  Spacecraft  Data  Handling  equipment  read,  encoded,  and  assembled  digital, 
bi-level,  and  analog  data  signals  into  a format  suitable  for  transmission  or 
storage . 

The  Primary  Processor  and  Data  Storage  unit  and  the  Programmer  and  Star 
Tracker  Signal  Controller  performed  the  following  functionsr 

• Verify  the  accuracy  of  ground  commands 

• Provide  command  storage 

• Execute  stored  or  real-time  commands 

• Supply  all  basic  signals  for  the  spacecraft 
fi  Provide  data  storage 
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* Control  the  sequencing  of  operations 

• Control  the  mode  of  operation  of  the  gimhalled  star  trackers 

h.  Iiow-Cost  OAO  Communication,  Data  Processihg  and  Instrumentation  (CDEE) 
Subsystem 

Functional  elements  between  the  dashed  lines  of  Fig.  5-1^  comprised  the  Data 
Frocessing  System  (DPS) . Two  possible  approaches  to  the  DPS  design  were  (l) 
separate  command  decoders,  programmers,  multiplexers,  A-D  converters  and  core 
storage  as  in  the  Baseline  OAO-B  CDPI  Subsystem  design,  and  (2)  use  of  a cen- 
tral computer  in  an  integrated  data  processing  system.  The  low-cost  Stabil- 
ization and  Control  subsystem  requires  the  use  of  a digital  computer  to  per- 
form control  system  computations . Because  the  computer  contains  storage  ele- 
ments and  provides  great  flexibility  in  sequencing,  formatting,  decoding  and 
multiplexing  functions;  it  can  be  utilized  to  great  advantage  also  as  the  cen- 
tral unit  in  .the  DPS.  With  this  approach,  inflexible  hardware  was  eliminated 
by  the  use  of  computer  software  programs  which  can  he  changed  readily  to  suit 
evolutionary  experiment  and  spacecraft  operational  changes.  Therefore,  this 
approach  has  been  adopted  in  the  low-cost  CDPI  subsystem  design. 

The  low-cost  OAO  CDPI  subsystem  block  diagram  is  presented  in  Fig.  5-15 . 

The  Data  Processing  System  (DPS)  consists  of  a Data  Distribution  Unit  (DDU), 
Interface  and  Timing  Unit  (ITU) , and  redundant  computers . The  integrated 
DPS  performs  all  the  data  handling,  timing,  sequencing,  command  decoding,  S&C 
subsystem  computation,  and  data  storage  functions.  The  DDU  and  ITU  provide 
the  interfaces  with  all  other  spacecraft  and  experiment  equipment.  The  DDU 
is  essentially  a junction  box  plus  submultiplexers  for  instrumentation.  The 

I 

ITU  provides  timing,  multiplexing,  analog- to-digital  conversion,  and  is  the 
primary  computer/spacecraft  interface.  The  computer  provides  the  computation 
and  storage  functions . 

The  tape  recorder  is  operated  under  control  of  the  computer  via  the  DDU  and 
records  data  at  1042  bps  and  plays  hack  at  66.7  kbps.  Output  of  the  tape 
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Fig.  5-15  Low-Cost  OAO  CDPI  Subsystem 
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recorder  is  routed  via  the  DDU  to  the  WBT  for  transmission  to  the  ground  sta- 

6 

tions.  Recording  capability  is  43.2  x 10  bits  for  a maximum  recording  time 
of  12  hours. 

The  Wideband  Transmitter  (WBT)  accepts  modulation  data  at  either  1042  bps  or 
66,7  kbps  from  the  DDU  and  transmits  it  on  a carrier  frequency  at  400  MHz 
through  two  orthogonal,  linearly  polarized  antennas.  The  transmitter  power 
output  is  equally  divided  by  the  hybrid  to  febd  the  two  antennas. 

The  Warrowband  Transmitter  (WBT)  accepts  modulation  data  at  1042  bps  from  the 
DDU  and  transmits  it  as  PCM/IM  on  a carrier  frequency  of  136-137  MHz  via  the 
two  orthogonal,  linearly  polarized  VHP  antennas.  The  hybrid  divides  the  trans- 
mitter power  equally  between  the  two  antennas j the  diplexers  provide  isolation 
between  the  telemetry  and  command  frequencies  which  share  the  same  antenna. 

Two  AM  command  receivers  are  used  to  provide  polarization  diversity  reception 
which  assures  command  reception  regardless  of  spacecraft  attitude.  The  re- 
ceiver outputs  are  combined  for  a common  video  detector  which  demodulates  the 
FSK  subcarriers  to  recover  the  PCM  command  words . The  digital  command  words 
are  then  presented  to  the  computer  via  the  ITU  for  verification  and  execution 
or  storage. 

Interface  with  the  Space  Shuttle  is  by  means  of  coaxial  EP  lines  and  RP  switches 
which  enable  exercise  of  the  payload,  including  telemetry  transmitters  and  com- 
mand receivers.  The  Shuttle  interface  equipment  may  either  provide  onboard 
checkout  and  diagnostics  or  serve  as  a relay  station  to  the  ground  data  ac- 
quisition network. 

The  equipment  of  the  baseline  OAO-B  CDPI  subsystem  and  the  low-cost  OAO  CDPI 
subsystem  are  compared  in  Pig.  5-l6. 

The  digital  computer,  ITU,  and  DDU  of  the  low-cost  OAO  CDPI  subsystem  replace 
seven  major  electronic  units  of  the  OAO-B  CDPI  subsystem,  and  replace  numerous 
electronic  units  of  the  OAO-B  Stabilization  and  Control  subsystem.  The 

5-45 


LOCKHEED  MISSILES  & SPACE  COMPANY 


L1KC-A990556 


Item 

Baseline 

OAO-B 

CDPI 

Low-Cost 

OAO 

CDPI 

Command  Receiver 

4 

4 

Radio  Tracking  Beacon 

2 

- 

Narrow-Band  Transmitter 

2 

1 

Wide-Band  Transmitter 

2 

1 

Diplexer 

2 

2 

Hybrid  Junctions 

2 

2 

Antenna 

4 

4 

Eriraary  Processor  & Data  Storage 

1 

- 

Programmer  & St  Signal  Controller 

1 

- 

Ejiperiment  Data  Handling  Equipment 

1 

- 

Spacecraft  Data  Handling  Equipment 

1 

- 

Spacecraft  Systems  Controller 

1 

- 

Signal  Conditioning  Unit 

1 

- 

Auxiliary  Command  Memory 

1 

- 

Instrumentation  (Set) 

1 

1 

Digital  Computer 

- 

2 

Interface  & Timing  Unit  (ITU) 

- 

2 

Data  Distribution  Unit  (DDU) 

- 

1 

5'ig.  5-16  OAO-B  and  Low-Cost  OAO  CDPI  Subsystem  Equipment  Comparison 
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incorporation  of  the  computer  is  the  most  significant  cost-saving  change  made 
in  the  low-cost  CDPI  subsystem.  Two  computers  and  two  ITUs  in  time-share  re- 
dundancy are  required  to  meet  the  reliahility  goal  for  the  subsystem. 

5. 2. 4. 6 Electrical  Power  Subsystem.  The  design  of  a low-cost  Electrical 
Power  Subsystem  for  the  low-cost  OAO  is  derived  from  the  Electrical  Power  sub- 
system of  the  OAO-B.  Both  are  described  in  succeeding  paragraphs. 

a.  Baseline  OAO  Electrical  Power  Subsystem  Eunctions  and  Hardware 

The  major  equipments  for  the  baseline  OAO-B  Electrical  Power  Subsystem  (EPS) 
are  shown  in  Pig.  5-1? • A silicon  solar  cell  array  and  three  secondary  nickel 
cadmium  batteries  supplied  continuous  power  to  the  system  loads  d\irin^  orbital 
1 1 ght  and  dark  periods,  respectively,  A dc-dc  converter  and  a dc-ac  inverter 
furnished  power  to  each  of  the  spacecraft  subsystem  equipments  requiring  reg- 
ulated dc  or  ac  input  voltages . The  nominal  unregulated  bus  voltage  was  30 
volts  and  varied  from  2k  volts  to  35  volts,  depending  on  the  particular  OAO 
operating  mode.  i 

I 

I 

The  Electrical  Power  Subsystem  comprised  the  following  major  equipments: 

(1)  Solar  Cell  Array.  The  solar  cell  array  converted  solar  energy  to  elec- 
trical energy.  The  array  consisted  of  four  main  and  four  auxiliary 
paddles  with  solar  cells  on  one  side  only.  The  cells  were  diffused- 
junction  N-on-P  silicon  (l  cm  x 2 cm)  with  6 mil  (0,15  ’1^)  cover-glasses. 
The  array  contained  53,992  cells,  and  the  operating  voltage  was  0 - 50 
■VBC  ( appr oximat  e ) . 

(2)  Voltage  Regulator  and  Converter.  The  voltage  regulator  and  converter 
converted  unregulated  (23v  to  35v)  D.C.  voltage  to  five  regulated  D.C. 
voltage  levels  (+28v,  -28v,  +l8v,  +10v,  -lOv) . 

(3)  Voltage  Inverter.  The  voltage  inverter  converted  unregulated  (23v  to  3^v) 
D.C.  voltage  to  regulated  AC  voltage  (ll5v  0,  11 5v  20,  and  115v  30). 
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(^)  ITiCd  Batteries . The  ITiCd  batteries  supplied  power  to  the  spacecraft  dur- 
ing dark  periods  and  aided  in  supplying  peak  loads  during  li^t  periods. 
The  batteries  supplied  power  at  23  volts  to  29  volts. 

(5)  Power  Controller  Unit  (PCU).  The  power  controller  unit  controlled  in- 
dividual battery  charging,  provided  solar  array  power  to  the  unregulated 
bus,  provided  ground  command  capability,  and  provided  bi-level  telemetry 
information  on  the  Electrical  Power  Subsystem  status. 

(6)  Power  Regulator  Unit  (PBU) . The  power  regulator  unit  regulated  battery 
charging  voltage  to  the  level  indicated  by  the  PCU,  provided  a signal 

to  the  PCU  statusing  the  main  regulator,  and  provided  an  alternate  source 
of  regulated  voltage  following  main  regulator  failure. 

(7)  Diode  Box.  The  diode  box  supplied  power  to  the  Tinregulated  bus  during 
both  light  and  dark  periods,  provided  diode  isolation  between  batteries 
and  transfered  battery  charge  current  from  the  charge  bus  to  the  batter- 
ies . 

(8)  Power  Distribution  Panel  (PDU),  Regulated  and  Unregulated.  The  power 
distribution  panel  provided  the  central  distrlhution  point  for  all 
spacecraft  power,  and  housed  all  power  line  fuses,  current  sensors, 
relays,  etc. 

(9)  State  of  Charge  Unit  (SOCU).  The  state  of  charge  unit  monitored  battery 
charge  and  discharge  operation  using  ampere-hour  integrators  and  adhy- 
drodes,  and  telemetered  data.  The  unit  was  not  normally  in  the  primary 
battery  charging  loop  and  required  two  enabling  operations  to  provide 

an  input  to  the  PCU. 

(10)  Battery  Current  Shunt  Assy.  The  battery  current  shunt  assembly  measured 
battery  char ge/dis charge  currents  and  provided  proportional  outputs  to  the 
SOCU  Amp-Hr  integrators. 
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3?he  energy  requirements  imposed  on  the  KPS  -were  directly  dependent  on  the  op- 
erational mode  of  the  satellite.  The  energy  supply  capahilities  of  the  EPS 
depended  on  the  satellite  orientation  with  respect  to  the  sun,  hecause  of 
the  fixed  array  configuration.  The  satellite  energy  status  was  monitored  and 
the  operating  inodes  were  controlled  in  order  to  prevent  stored  energy  falling 
helow  predetennined  minimum  requirements.  An  operating  mode,  sunbathing, 
could  he  initiated  if  the  system  energy  state  was  running  down.  In  sunbathing 
the  satellite  was  oriented  to  position  the  fixed  solar  array  normal  to  the 
sun's  rays.  The  satellite  was  powered  down  and  all  excess  electrical  power 
went  into  returning  the  batteries  to  full  charge. 

In  general,  the  EPS  operated  as  follows: 

(1)  The  satellite  entered  the  sunli^t,  with  the  batteries  having  supplied 
all  energy  requirements  during  the  previous  dark  period. 

(2)  Battery  charging  commenced  in  the  shunt  mode  (direct  connection  of  the 
solar  array  to  all  batteries  in  parallel) . 

(3)  When  a battery  limiting  condition  was  reached,  the  charge  mode  was 
changed  from  shunt  to  regulated  mode,  and  a taper  charge  was  then  es- 
tablished on  that  battery  for  the  remainder  of  the  light  period. 

(4)  The  satellite  entered  the  dark  period,  battery  charging  ceased,  and 
the  batteries  supplied  the  spacecraft  load. 

h.  Low-Cost  OAQ  Electrical  Power  Subsystem 

The  block  diagram  of  the  baseline  OAO-B  Electrical  Power  subsystem.  Pig.  5-17 ji 
is  also  applicable  to  the  low-cost  OAO  Electrical  Power  Subsystem;  and  the 
descriptions  of  the  equipment  and  operation  of  the  baseline  OAO-B  EPS  are,  in 
general,  applicable  to  the  low-cost  OAO  EPS.  However,  significant 
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changes  have  been  made  in  the  design  of  the  solar  array  to  reduce  costs.  The 
low-cost  OAO  solar  array  shown  in  Figs.  5-18  and  5-19,  consists  of  two  rigid 
paddles  in  contrast  to  the  two  articulated  paddles,  each  consisting  of  four 
panels,  of  the  baseline  OAO-B. 

Each  of  the  two  paddles  of  the  low-cost  OAO  solar  array  comprises  sixteen 
18  in.  X Ij-O  in.  (U6  cm  x 102  cm)  panels,  four  18  in.  x 20  in.  (U6  cm  x 51  cm) 
panels,  and  two  9 in.  by  i;0  in.  (23  cm  x 102  cm)  panels  all  bolted  to  an  alum- 
inum structural  frame.  The  panels  are  made  of  aluminum  sheet  stiffened  by 
aluminum  angles  flush-riveted  to  one  side  of  the  sheet . The  solar  cells  are 
cemented  to  the  other  side  in  appropriate  series -parallel  grouping.  Solar 
paddle  structures  constructed  in  this  way  are  heavier  but  considerably  less 
costly  than  paddle  structures  of  honeycomb  or  other  lightwei^t  composites  or 
materials.  2 cm  x 2 cm  solar  cells  (rather  than  1 cm  x 2 cm  cells)  are  used  i 
the  solar  array  of  the  low-cost  OAO  with  consequent  savings  in  assembly  labor. 
20  mil  (0.51  mm)  glass  covers  are  used  to  minimize  losses  due  to  breakage  in 
fabrication  and  installation  of  the  covers.  Larger  cells,  2 cm  x ^ cm,  should 
be  used  when  available  to  further  reduce  solar  array  assembly  costs. 

The  most  significant  factor  contributing  to  the  lower  cost  of  the  low-cost  OAO 
solar  array  is  the  enlargement  of  the  acceptance  limits  on  a production  lot  of 
cells,  thus  reducing  the  cost  per  cell.  A lot  of  solar  cells  is  first  inspec- 
ted for  mechanical  defects  and  approximately  25  percent  are  rejected.  The  re- 
maining cells  are  then  tested  to  determine  a current -rating  for  each  cell.  The 
current  rating  distribution  of  a typical  lot  of  cells  is  presented  in  Fig.  5-20 
It  has  been  the  practice  in  space  programs  to  reject  approximately  one-third  of 
the  lowest-rated  cells  (all  cells  below  132  ma  of  the  example  lot)  to  minimize 
the  number  of  cells  (and  hence  the  wei^t)  of  a solar  array  with  a given  power 
output . 

For  the  low-cost  OAO  solar  array,  weight  is  not  a constraint  and  approximately 
97-5  percent  of  the  functional  cells  of  a manufacturing  lot  (all  cells  above 
110  ma  of  the  example  lot)  may  be  used. 
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Pig,  5-20  Solar  Cell  Performance  Distribution 
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When  97.5  percent  of  the  functional  cells  of  a lot,  rather  than  66.7  percent, 
are  used,  the  average  cost  per  watt  of  output  power  is  reduced  30  percent  and 
the  total  nutnber  of  cells  in  an  array  increases  2 percent  (2  percent  weight 
increase) . 

Other  cost  saving  techniques  used  in  the  design  of  the  low-cost  OAO  Electrical 
Power  sutsystem  include  simplified,  low  density  packaging  of  charge  controllers, 
regulators,  inverters  and  other  components. 

5. 2. 4. 7 Attitude  Control  Subsystem  (ACS) . The  low-cost  Attitude  Control  sub- 
system of  the  low-cost  OAO  is  designed  to  replace  the  following  systems  of  the 
baseline  OAO-Br 

• Coarse  Momentum  Wheels  (3  wheels) 

• Primary  Pneumatic  (cold  gas)  System 

• Secondary  Pneumatic  (cold  gas)  System 

• Magnetic  Wheel  Unloading  System 

These  hardware  elements  are  described  in  succeeding  paragraphs . 
a.  Baseline  ACS  Elements 

(1)  Coarse  Momentum  Wheels  - The  Coarse  Momentum  Wheels  were  used  to 
slew  the  spacecraft  from  one  pointing  attitude  to  another.  Each 
wheel  and  its  drive  motor  were  an  integrated  unit.  The  motor  was 
-built  "inside-out"  with  the  stator  inside  rather  than  outside  of 
the  rotor.  Thus,  the  rotor  has  a larger  moment  of  inertia  than  it 
would  have  if  it  were  a conventional  design.  The  motor  was  a 40 
pole,  two-phase  device  that  could  not  start  or  continue  to  run  un- 
less voltage  was  present  in  both  phases.  The  coarse  wheels  oper- 
ated intermittently. 
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(2)  Pneumatic  Astern  - The  pneumatic  system  performed  the  functions  of 
providing  reaction  mass  and  thrust  for  initial  stabilization  of  the 
OAO,  for  torque  unloading  of  the  OAO  and  for  EAPS  (Rate  and  Position 
Sensor)  control  of  the  OAO,  It  was  composed  of  a primary  system  and 
a secondary  system  which  were  interconnected  such  that  both  systems 
were  "filled"  through  a common  fill  fitting  and  could  be  "dumped" 
throng  a common  dump  fitting.  Both  the  primary  and  secondary  hi^ 
thrust  jets  were  normally  used  for  initial  stabilization  or  resta- 
bilization. The  primary  low  thrust  jets  were  used  for  RAPS  sun- 
bathing or  attitude-hold  modes  of  operation. 

The  primary  pneumatic  system  (Pig.  5-2l)  used  pressurized  dry  nitro- 
gen propellant  stored  in  four  spherical  tanks,  each  capable  of  hold- 
ing 8 lbs  (3- ^ kg)  of  dry  nitrogen  at  a pressure  of  3250  psi  (22.4 
6 2 

X 10  R/m  ).  Six  combination  solenoid  valve/ jet  nozzle  devices  terme 
Primary  Hi^  Thrust  Jets  were  so  located  that  there  were  two  jets 
pointing  in  opposite  directions  along  each  of  the  vehicle's  control 
axes . 

The  Secondary  Pneumatic  System,  was  almost  identical  to  the  Primary 
System.  There  were  four  tanks  holding  8 lbs  (3.6  kg)  of  dry  nitro- 

c p 

gen  each  at  3250  psi  (22.4  x 10  IT/m  ). 

Six  secondary  High  Thrust  Jets  were  controlled  in  parallel  with  the 
Primary  High  Thrust  Jets.  Normally  during  initial  stabilization  and 
roll  search,  both  Primary  and  Secondary  systems  were  operating. 

Either  the  primary  or  secondary  system  could  be  shut  off  by  ground 
command.  This  was  done  if  small  corrections  in  vehicle  rates  or 
orientation  were  desired  or  if  the  jets  on  one  system  were  stuck 
open.  The  secondary  high  thrust  jets,  only,  were  fired  by  signals 
from  the  RAPS  controller . 

The  eighteen  nozzle  assemblies  used  in  both  the  Primary  and  Second- 
ary Pneumatic  systems  are  similar.  All  assemblies  utilize  the  same 

5-56  - 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LOCKHEED  MISSILES  & SPACE  COMPANY 


PILL  CONME.CTIOM 


TO  SE.CCMOP>R.y  STSTEKA 

— - — — ■ ■ ■■•  - gnn^ 


n 


DUMP  COMNiECTlON 


I 

-o 


, 5T0RA»G,E 
^ TANKS 


D 

O 

I*. 

2 

C 

5 


STORAGE 
TANKS 


hO 


"K3 


_i 


KV 


1 ■ Cl. 

VENT 

1 

MAMIPOLD 

FLTi 


I Cc 


VENT 


THRU  S^\H 

r— 


PRESSURE 

transducer 


"€s^  MlGiH  ' O II  c!u» 


6s  PRESSURE  , 

( REGULATOR  fi 
t RELIEF  VALVE 


ISSOLEMOID 
r/LATCH\NG 

VAUVE  ^ 

I — es-4LQW| e>— cH^Q^ 


PRESSURE  ^L_J- 


H 

ui 

"5 

-I 

Ld 

> 

UJ 

_J 


TRANSDUCER 


Fig.  5-21  Primary  Pneumatic  System 


LMSC-A990556 


LMSC-A990556 


type  of  solenoid  shutoff  valve  mechanism.  The  jet  nozzle  ends 
differ  with  some  set  at  an  angle  other  than  $0^  to  the  structural 
surface  to  which  they  are  secured.  In  space,  thrust  per  nozzle 
at  nominal  pressures  is  0.1  Ihs  (0.i^4  U)  for  the  High  Thrust  Jets 
and  .0021  lbs  (0.OO9  N)  for  the  Low  Thrust  Jets. 

(3)  Magnetic  Unloading  System  - The  Magnetic  Unloading  System  (MQS)  was 
a device  on  the  OAO  that  provided  continuous  unloading  of  extraneous 
torque  on  the  spacecraft  by  the  generation  of  a magnetic  field  -which 
interacted  with  Earth's  magnetic  field  in  such  a manner  as  to  pro- 
duce a torque  in  the  opposite  sense  of  the  disturbing  torque.  The 
MHS,  could  have  been  a backup  for  the  Low  Thrust  Jets,  where  the  MUS 

V 

could  develop  sufficient  torque  to  counteract  the  extraneous  torques; 
however,  it  was  considered  as  the  preferable  system  since  its  reac- 
tion was  smoother  and  its  use  obviated  the  need  to  fire  the  Low 
Thrust  Jets  which  results  in  a net  saving  in  reaction  mass . It  was 
also  used  to  unload  the  continuously-running  fine  momentum  wheels, 
part  of  the  Stabilization  & Control  subsystem. 

The  MU'S  consisted  of  a Magnetometer,  and  its  electronics,  -which 
sensed  the  components  of  the  Earth's  magnetic  field  along  each  of 
the  vehicle  axes,  a Signal  Processor  which  performed  an  algebraic 
summation  of  the  Magnetometer's  outputs  and  the  signals  from  the 
. EWJC's,  and  three  Torquer  Bars  with  their  associated  electronics. 

One  bar  was  parallel  to  each  vehicle  axis . The  Torquer  Bars  gener- 
ated the  magnetic  fields  that  interact  with  the  Earth's  field  and 
produced  a torque  on  the  spacecraft. 

b.  Low-Cost  OAO  Attitude  Control  Subsystem  (ACS) 

The  low-cost  OAO  Attitude  Control  subsystem  is  a conventional  cold  gas  control 
system  that  replaces  the  Coarse  Momentum  Wheels,  the  Pneumatic  System  and  the 
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Magnetic  Unloading  system  of  the  baseline  OAO-B,  It  provides  thrust  for  sta- 
bilization and  slewing  of  the  spacecraft,  for  uiiloading  the  fine  momentum 
wheels,  and  for  fine  pointing  of  the  spacecraft  if  the  fine  momentum  wheels 
fail. 

It  consists  of  four  identical  modules  that  are  installed  90°  apart  in  the 
equipment  section  of  the  OAO.  Each  module  contains  three  hi^  level  thrusters 
and  three  low  level  thrusters.  The  high  level  thrusters  are  used  for  stabil- 
ization and  slewing  of  the  vehicle.  The  remaining  functions  are  performed  by 
the  low  level  thiusters.  The  schematic  diagram  of  the  module  is  presented  in 
Eig.  5-22. 

The  gas  storage  tank  is  capable  of 'holding  100  lbs  (45.4  kg)  of  dry  Ereon  l4 

6 2 

at  a pressure  of  3000  psi  (20.7  x 10  N/m  ) , providing  a total  impulse  of  4500 

lb-see  (20,000  Us).  The  tank  is  pressurized  through  a fill  valve  connected  to 

the  tank.  The  fill  valve  contains  a needle  valve  which  is  opened  to  fill  or 

bleed  the  tank  and  closed  to  maintain  pressure  in  the  tank.  A 5 micron  filter 

is  connected  into  the  outlet  side  of  the  Tee  fitting  leading  to  the  solenoid 

latching  valve.  Also  connected  into  line  between  the  tank  and  the  solenoid 

latching  valve  is  the  relief  valve.  This  valve  opens  and  vents  gas  when  pres- 

6 2 

sure  rises  above  3400  psi  (27.6  x 10  N/m  ) for  any  reason.  The  solenoid 
latching  valve  is  normally  open  and  is  closed  when  there  is  a leak  in  the 
downstream  system,  or  when  there  is  an  indication  that  either  regulator  is 
malfunctioning  and  causing  an  abnormal  pressure  to  be  supplied  to  the  thrust- 
ers . The  next  component  in  the  system  is  the  high  pressure  regulator  which 

6 2 

reduces  the  tank  pressure  to  35  psi  (0.24  x 10  U/m  ) for  the  three  high  level 
thrusters.  Each  thruster  produces  0.1  Ih  (0.44  U)  thrust. 

Also  downstream  of  the  solenoid  latching  valve  the  line  branches  to  the  low 

6 2 

pressure  regulator  which  reduces  the  tank  pressure  to  5 Psi  (0.034  x 10  U/m  ) 
for  the  three  low  level  thrusters.  Each  low-level  thruster  produces  0.0021  lb 
(0.009  U)  thrust. 
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The  low-cost  OAO  Attitude  Control  subsystem  module  is  designed  to  be  replaced 
in  orbit  by  a Space  Shuttle  crewman  and  hence  emphasis  is  on  safety.  All  com- 
ponents such  as  valves  and  regulators  are  operated  at  less  than  one-third  of 
proof  pressure;  and  the  gas  storage  tank  is  designed  to  boiler  code  standards. 
The  tank  is  made  of  aluminum  rather  than  titanium  to  reduce  its  cost . The  re- 
sulting weight  penalty  is  acceptable  to  the  low-cost  OAO. 

The  cost  savings  resulting  from  the  elimination  of  the  coarse  momentum  wheels 
and  the  magnetic  unloading  system  ^e  included  in  the  cost  savings  accomplished 
by  the  redesign  of  the  OAO  Stabilization  and  Control  subsystem.  Additional  de- 
tail concerning  the  low-cost  OAO  Attitude  Control  subsystem  is  contained  in 
LMSC  Engineering  Memo  EE-5. 

5. 2. 4. 8 Environmental  Control  Subsystem. 

a.  Baseline  OAO  Environmental  Control 


The  following  description  of  the  baseline  OAO-B  Thermal  Control  system  is  quoted 
from  MSA  SP-133j  "Scientific  Satellites",  p.  366.  The  OAO  structure  is  basic- 
ally a tube,  122  centimeters  in  diameter  and  300  centimeters  long.  It  is  sur- 
rounded by  48  truncated  equipment  bays,  arranged  in  an  octagonal  pattern.  The 
sequestering  of  OAO  equipment  into  small  hays  insulated  from  the  main  satellite 
structure  is  the  key  to  successful  passive  thermal  control.  Superinsulation 
made  of  aluminized  Ifylar  covers  all  hut  one  side  of  each  hay  (see  Eig.  5-23). 

The  hulk  of  the  heat  flowing  out  of  (or  into)  each  hay  follows  the  path  between 
the  honeycomb  mount  and  the  aluminum  satellite  skin.  Thus,  the  hay  skins  can 
be  painted  or  finished  in  a manner  appropriate  to  the  enclosed  equipment.  The 
small  equipment  packages  in  the  bays  are  each  handled  separately,  as  if  they 
were  small,  passively  controlled  satellites. 

The  major  heat  input  to  the  main  OAO  structure  and  the  contained  telescope  is 
leakage  through  the  super insulation  of  the  equipment  bays.  By  careful  insula- 
tion and  design,  heat  inputs  to  the  structure  throu^  fittings  and  supports 
are  minimized.  Heat  leaves  the  structure  through  radiation  escaping  via  the 
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open  tube  ends  and  heat  transfer  to  nonequipment  bays  and  end  skin  sections. 
Since  the  heat  sinks  are  difficult  to  control,  the  heat  flow  into  the  structure 
is  varied  by  changing  the  amount  of  super  insulation  around  the  bay  walls . The 
design  temperature  of  the  cylinder  and  contained  telescope  in  the  OAO  is  about 
-30°  ± 15°C  (2h3°  ± 15°K) . 


The  most  significant  statement  in  the  above  description  of  the  OAO-B  Thermal 
Control  system  is  the  followingr 

"The  small  equipment  packages  in  the  bays  are  each  handled  separately,  as  if 
they  were  small,  passively  controlled  satellites."  Such  a design  requires  a 
very  extensive  analytical  effort  and  proliferation  of  detail  design  data.  In 
addition,  the  testing  required  for  verification  of  the  design  is  extensive  and 
complex. 

b . Low-Cost  OAO  Thermal  Control  System 

The  low-cost  OAO  Thermal  Control  system  consists  only  of  passive  thermal  control 
materials  as  shown  in  Fig.  5-24.  The  thermal  isolation  of  the  Experiment  Packag 
from  the  Equipment  Section,  made  possible  by  the  elimination  of  weight  and  volun 
constraints,  results  in  significant  simplification  of  the  thermal  control  of  the 
Low  Cost  OAO  relative  to  that  of  the  baseline  OAO-B. 

When  the  Experiment  Package  is  isolated  from  the  Equipment  Section,  the  temper- 
ature of  that  section  may  be  permitted  to  vary  over  a relatively  wide  range, 
thermal  isolation  and  control  of  individual  equipment  units  is  eliminated  or 
greatly  reduced,  and  significant  cost  savings  are  realized. 

Additional  detail  concerning  the  Icw-cost  OAO  Environmental  Control  subsystem 
is  contained  in  LMSC  Engineering  Memo,  HE-6. 

5 -2. 4. 9 STxmmary  Weights  of  Low-Cost  OAO . The  wei^t  summary,  by  subsystem, 
for  the  low-cost  OAO  is  shown  in  Fig.  5-25. 
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Plan  view  of  an  OAO 
equipment  bay,  showing 
an  instrument  package 
surrounded  by  super - 
insulation  on  all  sides 
except  the  one  facing 
the  outer  skin. 
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Side  view  of  the 
OAO  equipment  bay 


Fig.  5-23  Thermal  Control  of  OAO-B  Equipment  Bays 
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HARDWARE  ELEMENT 


CONTINGENCY 


WEIGHT 


EXPERIMENT  PACKAGE 

1$% 

1970  LB 

STRUCTURE  & MECHANISMS 

10% 

1762 

EIECniCAL  POWER 

2D% 

111$ 

ATTITUDE  CONTROL 

1^% 

883 

STABILIZATION  & CONTROL 

1^% 

655 

COMMUNICATIONS,  DATA  PROCESSING, 
& INSTRUMENTATTCN 

1S% 

44-3 

ENVIRONMENTAL  CONTROL 

1S% 

100 

TOTAL  DRY  WEIGHT 

7588  LB 

ATTITUDE  CONTROL  GAS  (FREON  2h) 

320 

1 Ih  = 0.4536  kg 

TOTAL  PAYLOAD  WEIGHT 

7908  LB 

Pig,  5-25  Weight  Summary  ~ Low-Cost  OAO  (Shuttle-Launched) 
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5.2.J4-.10  Reliability.  Because  the  ground  rule  of  the  study  was  to  design  a 
low-cost  OAO  with  equivalent  performance  to  the  baseline  OAOj  very  little  ef- 
fort has  been  expended  toward  further  refinement  of  the  baseline  OAO  subsystem- 
level  reliabilities. 

A summary  product  reliability  has  been  calculated  for  the  low-cost  subsystems, 
using  (l)  specific  redundancies  in  component  arrangement  and  (2)  specific  in- 
ternal part  redundancy  within  components.  Only  two  subsystems,  the  S&C  and 
CDPI,  have  changes  in  reliability  relevant  to  the  baseline.  Figure  5-26  sum- 
marizes the  reliability  data  by  subsystem. 

5.2.5  Expendable-Launched  OAO  Performance  and  Design  Recpiirements 

The  low-cost  expendable-launched  OAO  has  been  designed  in  accordance  with  the 
reguirements  of  LMSC-A98789O-A,  "General  Specification  - Performance  and  De- 
sign Requirements  for  Low-Cost  Orbiting  Astronomical  Observatory",  dtd  5 
1971.  It  is  to  be  launched  by  either  of  the  following  expendable  launch 
vehicles r 


• Atlas/Centaur 

• Titan  III/L2 

The  mission  of  the  expendable -launched  OAO  is  the  same  as  that  of  the  Shuttle- 
launched  OAO. 

■b 

The  expendahle-launched  OAO  will  be  mated  with  the  upper  stage  of  either  of 
the  two  expendable  laimch  vehicles  and  will  be  protected  during  ascent  by  a 
jettisonable  exit  fairing.  The  launch  vehicle  will  inject  it  into  the  mission 
orbit . 


5.2.6  Low-Cost  Expendable -Launched  OAO  Configuration 

The  configuration  of  the  expendable-launched  OAO  is  identical  to  that  shown  for 
the  Shuttle -launched  OAO  with  two  exceptions:  (l)  Because  the  length  of  payloa 
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is  not  as  critical  with  the  expendable  laimch  system  (a  dedicated  mission  with 
a single  OAO),  the  snn  shield  is  not  retractable.  (2)  The  aft  end  of  the 
Equipment  Section  will  include  a short  ring  section  which  is  the  forward  half 
of  the  LMSC  Super  Zip  system  for  separation  of  the  OAO  from  the  esqoendable  launcl 
vehicle.  The  two  solar  paddles  are  folded  flat  against  the  aft  bulkhead  of  the 
Equipment  Section  for  launch/ascent . 

5.2.7  Description  of  Low-Cost  Expendable -Launched  OAO 

5. 2. 7.1  Subsystems  of  the  OAO.  The  designations  of  the  subsystems  of  the  ex- 
pendable-launched OAO  are  the  same  as  those  of  the  Shuttle-launched  OAO . Also, 
the  descriptions  of  the  Shuttle -launched  OAO  subsystems  are,  in  general,  appli- 
cable to  the  expendable -launched  OAO  subsystems  and  will  not  be  repeated.  Only 
the  differences  between  the  subsystems  of  the  expendable-la'unched  OAO  and  the 
Shuttle-launched  OAO  will  be  described.  The  differences  are  summarized  in  Eig. 

5-27. 

5. 2. 7. 2 Structures  and  Mechanisms  Subsystem.  The  only  change  to  the  structure 
is  the  addition  of  a flanged  ring  to  the  aft  end  for  attachment  of  an  LMSC 
Super  Zip  separation  system. 

The  structure  and  mechanisms  of  both  the  expendable -launched  and  the  Shuttle- 
launched  OAO  are  designed  with  high  factors  of  safety  for  expendable  launch 
vehicle  loads  to  minimize  design,  analysis,  manufacturing,  and  testing  costs. 

The  wei^t  penalty  incurred  is  acceptable  for  both  the  expendable-launched  and 
Shuttle-launched  OAOs. 

5 -2. 7 *3  Experiment  Package.  In  the  design  of  the  low-cost  Shuttle -launched 
OAO  Experiment  Package,  some  redundant  equipment  was  deleted  from  the  baseline 
OAO-B  Experiment  Package  design.  The  equipment  deleted  was  as  follows: 

1 +6  7DC  Power  Supply 

1 -28  VDC  Power  Supply 

1 Pine  Guidance  Detector  Assembly 

1 Fine  Guidance  Channel  Selector 

- 5“68 
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\ji 

I 

\D 


PAYLOAD  INTEGRATION  HARDWARE 

0 ADAPTER  - PAYLOAD  TO  CENTAIIR  (AGE) 

0 adapter  - PAYLOAD  TO  TIII-L2  (LCE) 

0 EXIT  FAIRING  - CENTAUR  "LONG"  (ACE) 
c EXIT  FAIRING  - TIII-L2  STANDARD 


EXPERIMENT  SUBSYSTEM 


0 ♦ 6V  DC  POWER  SUPPLY 

0 - 28V  DC  POWER  SUPPLY 

0 DETECTOR  ASSEMBLY 

0 FINE  GUID.  CHANNEL 
SELECTOR 


IN  ELECTRONIC  MODUIE 
IN  ELEGTRO-MEGH.  MODULE 


ELECTRICAL  POWER  SUBSYSTEM 

0 POWER  CONTROLLER  UNIT 
0 POWER  REGULATOR 


COtMUNIGATIONS,  DATA  EROCfiSSING.  INSTRUM.  SUBSYSTEM 

o NARROW-BAND  TRANSMITTER 
0 WIDE-BAND  TRANSMITTER 
0 EMERGENCY  COMMAND  DECODER 
0 ADD«L.  COMPUTER  SOFTWARE  {2$%) 

STABILIZATION  & CONTROL  SUBSYSTEM 
0 INERTIAL  REFERENCE  UNIT 
0 FINE  SOUR  ASPECT  SENSOR 
0 PSAS  ELECTRONICS 
0 GIMBAILED  STAR  TRACKER 
o GST  ELECTRONICS 
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It  had  "been  added  to  the  Experiment  Package  of  the  haseline  OAO-B  to  Increase 
the  prohahility  of  mission  success,  hut  was  determined  not  to  he  necessary  for 
the  Experiment  Package  of  the  Shuttle-launched  OAO;  because  in-orhit  checkout 
prior  to  deployment  of  the  OAO  provided  the  required  confidence  of  mission 
success. 

However,  the  low-cost  expendable -launched  OAO,  just  like  the  haseline  OAO-B, 
is  irrevocably  committed  at  liftoff  of  the  launch  vehicle;  and  the  added  con- 
fidence afforded  by  the  redundant  equipment  is  essential  to  the  making  of  the 
decision  to  launch, 

5.2.7.U  Stabilization  and  Control  Subsystem.  The  following  redundant  equip- 
ment was  restored  to  the  Stabilization  and  Control  subsystem  for  the  same 
reasons  presented  in  paragraph  5-2.7-3J 

1 Inertial  Reference  Unit 
1 Eine  Solar  Aspect  Sensor 
1 Eine  Solar  Aspect  Sensor  Electronics 
1 Gimballed  Star  Tracker 
1 Gimballed  Star  Tracker  Electronics 

5. 2, 7. 5 Communication,  Data  Processing,  and  Instrumentation  Subsystem.  The 
following  redundant  equipment  was  restored  to  the  CDPI  subsystem  for  the  same 
reasons  presented  in  paragraph  5.2.7.3t 


1 Narrow-Band  Transmitter 
1 Wide -Band  Transmitter 
1 Emergency  Command  Decoder 

5. 2.7 .6  Electrical  Power  Subsystem.  The  following  redundant'  equipment  was 
restored  to  the  Electrical  Power  subsystem  for  the  same  reasons  presented  in 
paragraph  5.2.7.3J 
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1 Power  Controller  Unit 
1 Power  Regalator 

5. 2. 7. 7 Other  Subsystems . For  the  other  subsystems  of  the  expendable-launched 
low-cost  OAO,  the  design  is  identical  to  the  Shuttle -launched  version. 

5. 2. 7. 8 Summary  Weights  of  the  low-Cost  OAO.  The  weight  summary  by  subsystem, 
for  the  low-cost  expendable -launched  OAO  is  shown  on  Fig.  5-28. 
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HARU'/ARE  ELEMENT 


CONTINGENCI 


VffilGHT 


■<1 

(\) 


EXPERIMENT  PACKAGE 

STRUCTURE  & >ECHANISMS 

ELECIRICAL  PCVffiR 

ATTITUDE  CONOROL 

STABILIZATION  & CONTROL 

COMMUNICATION,  DATA  PROCESSING,  & 
INSTRUMENTATION 

ENVIRONMENTAL  CONTROL 

ATTITUDE  CONTROL  GAS  (FREON  lit) 

PAYLOAD  INTEGRATION  HARDWARE  (ADAPTER) 
1 lb  =:  O.R536  kg 


1985  LB 

10% 

1787 

20% 

1859 

1$% 

883 

1$% 

726 

1% 

L57 

1$% 

100 

TOTAL  DRY  WEIGHT 

7797  LB 

320 

TOTAL  PAYLOAD  WEIGHT 

8117  lb 

291 

TOTAL  LAUNCH  WEIGHT 
(LESS  EXIT  FAIRING) 

8I1O8  LB 

Pig.  5-28  Weight  Summary  - Low-Cost  OAO  (Expendable  Booster-Launched) 
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5.3  LOW-COST  SnrCHROKOUS  EQUATORIAL  ORBITER  (SEO)  DESIGIT 

The  designs  of  a low-cost  ^nchronous  Equatorial  Satellite  (SEO),  for  launch 
hy  the  Space  Shuttle  and  by  expendable  launch  vehicles  sire  derived  from  an  ex- 
trapolation of  the  Lunar  Orbiter  spacecraft  and  are  described  in  the  following 
paragraphs . 

5.3.1  Derivation  of  the  Baseline  SEO 

The  Lunar  Orbiter  photographed  the  surface  of  the  moon,  processed  the  photo- 
graphs on-board,  converted  the  photographic  data  to  a video  signal  by  means 
of  a scanner  and  transmitted  the  video  data  to  earth  for  reconstruction  of  the 
photographs.  Because  its  mission  was  to  obtain  photographic  data,  and  because 
design  and  cost  data  were  available,  the  Lunar  Orbiter  spacecraft  was  used  to 
derive  a baseline  configuration  for  an  SEO  to  perform  an  Earth  Resources  mis- 
sion and  to  be  used  as  the  basis  of  comparison  for  the  design  and  costs  of  the 
low-cost  SEO . 

To  make  the  baseline  SEO  most  representative  of  the  synchronous  equatorial 
spacecraft  in  the  MSA  traffic  model,  its  mission  life  was  extended  to  two 
years.  Lunar  Orhiter  component's  p-ere  analyzed  for  compatibility  with  the  two- 
year  life  requirement  and  necessary  component  redundancies  were  established  by 
duplicating  some  of  the  Lunar  Orbiter  equipment.  Some  components  were  also 
eliminated;  such  as  the  bipropellant  propulsion  system  used  for  midcourse  and 
retro  maneuvers  in  the  Lunar  Orbiter  (but  not  required  for  the  synchronous 
equatorial  mission).  The  parts  list  for  the  baseline  2-year  SEO  is  shown  in 
Figs.  5- 29a  through  5 -29c. 

The  flight  configuration  of  the  baseline  SEO  is  shown  in  Fig.  5-30.  The  two 
solar  array  paddles  are  folded  against  the  sides  of  the  payload  in  the  launch- 
stowed  mode.  The  high-gain  and  low-gain  antennas  are  also  folded  and  stowed 
against  the  payload  body  (at  90°  from  the  solar  paddles).  The  diameter  of  the 
lower  equipment  mounting  deck  is  approximately  5 ft  (1.524  M) , The  structure 
is  essentially  the  same  as  that  of  the  Lunar  Orbiter. 
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QTY. 

TOTAL  WEIGHT  (LB)' 

PAYLOAD  TOTAL  (INERT  ONLY) 

1 

(1090.1) 

EXPERIMENT  SUBSYSTEM 

1 

( 281.5) 

Photographic  Capsule 

1 

228.5 

Camera  System: 

1 

18.5 

9"  Focal  Length  Lens 

1 

Focal  Plane  Shutter 

1 

Film  Clamp  & Advance 

1 

Processor-Dryer  System: 

1 

53.0 

Bimat  Supply  (incl.  21  Ih  Bimat) 

1 

Bimat  Takeup  (with  Torque  Motor) 

1 

Processor-Dryer  Assy,  (incl.  Motor,  Heater) 

1 

Optical -Mechanical  Scanner: 

2 

65.0 

Scanner 

2 

Photomultiplier  Power  Supply 

2 

Photomultiplier 

2 

Video  Amplifier  & Ref.  Voltage  Generator 

2 

Sweep  & Sync.  Electronics 

2 

DC/DC  Converter 

2 

Line  Scan  Tube 

2 

Readout  Control  Electronics 

2 

High  Voltage  Power  Supply 

2 

Command/Control  Programmer 

1 

7.0 

Structure  and  Support: 

1 

24.0 

Structure  (15  lb) 

1 

1^  Cold  Gas  Supply  (excluding  N^) 

1 

Heater  and  Heater  Controller 

1 

Film  Handling  Assy  (including  film): 

1 

61.0 

Film  Supply 

1 

Supply  Looper 

1 

Camera  Looper 

1 

Takeup  Looper 

1 

Film  Takeup 

1 

Motor 

1 

Film  (24  lb) 

Secondary  Experiments 

1 

53.0 

Radiation  Dosage  MeasTirement  ^stem 

1 

2.0 

Micrometeoroid  Detectors 

20 

5.0 

Advanced  Vidicon  Camera 

2 

46.0 

Fig.  5-29a  Bas'eline  2-Year  SEO  Parts  List  (l  of  3) 
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STRUCTURES  & MECHMISM  SUBSYSTEM 

1 

( 

133.1) 

Structure  Assy. 

1 

101.7 

Equipment  Mounting  Rack 

1 

29.5 

Upper  Deck 

1 

23.5 

Upper  Equipment  Deck 

1 

5.5 

Support  Structure 

1 

12.0 

Truss  Structure 

1 

31.2 

Mechanisms 

Low  Gain  Antenna  Deployment  Mechanism^ 

1 

4.0 

31.^^• 

Hi-Gain  Antenna  Deployment  Mechanism 

1 

4.0 

Solar  Array  Deployment  and  Rotation  Mech. 

. 1 

4.0 

Separation  Devices 

1 

3.0 

Solar  Array  Storage  Devices 

1 

16.4 

EIPTEOMMEETAL  C013TE0L  SUBSYSTEM 

1 

( 11.0) 

Equipment  Thermal  Barrier 

1 

5.5 

Camera  Thermal  Door 

1 

2.5 

Tank  Heaters 

4 

1.5 

EMD  Heat  Exchanger 

1 

0.5 

Thermal  Coatings 

1 

1.0 

ATTITUDE  COIHROL  SUBSYSTEM 

1 

70.3 

E Pressure  Regulator 

2 

1.9 

Tank  (each  contains  15  Ih  N ) 

h 

50.0 

Squib  Valve 

k 

3.2 

Up  Filter 

2 

0.8 

Test/Fill  & Dump  Valve 

4 

0.9 

Thrusters  -■  Roll  & Pitch 

6 

4.0 

Thrusters  - Yaw 

2 

0.5 

Thrusters  - E/U 

4 

1.0 

Tubing  & Fittings 

1 

8.0 

Fig.  5-29b  Baseline  2-Year  SEO  Parts  List  (2  of  3) 
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ELECTBICAL  POWER  SUBSYSTEM 


Solar  Arrays 

Batteries 

Charge  Controller 

Shimt  Regulator  & Relays 

Other  Electrical  Components 

Cables  & Connectors 

Array  Tracking  Devices  (Drive  Motors, 
Gear  Box,  Control,  Power  Take-off) 

COMMUEICATIOH,  DATA  PROCESSING, 
ICTSTEUMEMTATION  SUBSYSTEM 


Hi  Gain  Antenna  & Boom 
Modulation  Selector 
Command  Decoder 
Transponder 
TWTA 

Hide  Band  Tape  Recorder  and  A/D  Converter 

Low  Gain  Antenna 

PCM  Multiplexer/Encoder 

Signal  Conditioning  Unit 

Transducers 

STABILIZATION  & COimiOL  SUBSYSTEM 

Flight  Control  Electronics  Unit 

Solar  Aspect  Sensor 

Flight  Electronics  Switching  Unit 

Earth  Horizon  Sensor 

Polaris  Tracker 

Fixed  Reaction  Wheels 

Rate  Gyro  Package 

EXP5INDABLES 

Ng  Camera  Capsule 

N^  Attitude  Control 


1 


2 80,0 

4 120.0 

4 l6.0 

4 18.4 

1 3.3 

1 50.0 

2 24.0 


1 


1 

2 

2 

2 

2 

2 

1 

4 

1 

1 set 


2.3 

8.0 

i8;o 

25.5 

11.0 

40.0 

1.5  ' 

32.0 

3.5 
4.7 


2 35.0 

2 6.0 

1 8.0 

2 20.0 

2 30.0 

3 27.0 

1 10.0 


12.0 

60.0 


Note:  1 Ih  = 0.4536  kg 


Fig.  5-29c^  Baseline  2-Year  SEO  Parts  List  (3  of  3) 
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HIGH  GAIN  ANTENNA - 
(DEPLOYED) 


WEST 


TANKS  UPPER  EQUIPMENT  DECK  ■ 

PHOTOGRAPHIC  SUBSYSTEM 

Ei^IPMENT  MOUNTING  DECK  ” 


BATTERY 


SOLAR  ARRAY  PANEL 


SOUTH 


Of 
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5.3.2  Shuttle -Launched  SEP  Performance  and  Besign  Requirements 

The  design  effort  on  the  low-cost  Shuttle -launched  SEO  was  initiated  with  prep- 
aration of  LMSC-A9816OO-A,  "General  Specification  - Performance  and  Design  Re- 
quirements for  Low-Cost  Synchronous  Equatorial  Orhiter  (Earth  Resources  Satel- 
lite)", dtd  5 1971  (Revised).  The  requirements  therein  were  the  same  as 

for  the  Lunar  Orhiter,  tailored  as  required  for  the  SEO  mission. 

The  SEO  is  an  unirfanned  satellite  designed  to  gather  scientific  data  concerning 
earth  resources  from  synchronous  equatorial  earth  orbit.  Photographic  data 
will  be  obtained  by  means  of  a photographic  subsystem  consisting  of  a frame 
type  camera,  a processor-dryer,  and  a scanner.  Additionally,  television  data 
will  be  obtained  by  means  of  a vidicon  camera.  Both  the  photographic  data  and 
the  television  data  will  be  transmitted  to  ground  receiving  stations  by  means 
of  a communications  link  in  a time-sharing  mode. 

The  experiment  packages  must  function  continuously  (in  accordance  with  the  re- 
quired duty  cycle)  for  a period  of  two  years.  Also,  the  spacecraft  must  provide 
controlled  environment,  electrical  power,  attitude  stability,  functional  control, 
and  communication  for  an  orbital  life  of  two  years. 

The  SEO  is  designed  to__operate  in  a synchronous  equatorial  earth  orbit  [alti- 
tutude  19320  nm  (35780  km)l.  It  will  be  placed  into  orbit  by  the  Space  Shuttle 
and  Space  Tug.  The  Shuttle  will  carry  the  Tug  and  SEO  to  low  earth  orbit,  and 
then  the  Tug  will  deliver  the  SEO  to  synchronous  equatorial  orbit  and  return 
to  low  earth  orbit. 

It  is  planned  that  four  SEOs  will  be  placed  into  position  for  simultaneous  op- 
eration (separate  Shuttle  launches),  equally  spaced  around  the  earth.  With 
the  lens  system  and  resolution  selected,  there  will  be  provided  full  equator- 
ial coverage  and  approximately  2800  nm  (5186  km)  coverage  above  and  below  the 
equator . 
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5*3.3  Iiow-Cost  Shuttle-Itaunched  SEP  Configuration 

The  flight  configuration  of  the  low-cost  SEO  is  shown  in  Fig.  5~31*  In  the 
launch- stowed  condition,  the  solar  paddles  are  rotated  into  a fore-aft  plane 
(perpendicular  to  the  plane  of  the  docking  ring) . Access  doors  on  each  of  two 
sides  of  the  SEO  structure  can  he  readily  opened  hy  Shuttle  cargo  crew  to  al- 
lov7  replacement  of  modules  mounted  on  internal  shelving.  Access  to  the  SEO 
as  mounted  within  the  Shuttle  cargo  bay  is  possible. 

To  provide  for  the  docking  of  the  Space  Tug  to  the  SEO,  a docking  ring  and 
corner  reflectors  are  mounted  on  the  SEO.  It  has  been  assumed  that  all  active 
docking  provisions  will  be  on  the  Space  Tug;  the  SEO  will  provide  only  a pas- 
sive but  stable  target  for  the  rendezvous,  terminal  approach,  and  docking. 

5.3.^  Description  of  Low-Cost  Shuttle-launched  SEO 

5. 3. 4.1  Subsystems  of  the  SEO.  The  subsystems  comprising  the  SEO,  both  Shuttle- 
launched  and  ejcpendable-launched, ' and  the  LMSC  Engineering  Memos  that  describe 
them  in  detail  are  as  follows: 


Subsystem 


IMSC  Engineering  Memo 


Ejcperiments  EE -21 
Stabilization  & Control  EE-22 
Communications,  Data  Processing,  and 

Instrumentation  EE-23 
Electrical  Power  EE-24 
Attitude  Control  EE -2 5 
Environmental  Control  EE-26 
General  Description  of  Payload  EE-27 


Summary  descriptions  of  all  subsystems  are  presented  in  the  following  para- 
graphs. A separate  Engineering  Memo  describing  the  Structures  and  Mechanisms 
Subsystem  has  not  been  prepared;  that  subsystem  is  described  first. 
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Shuttle  Support  Lug  (IL/IR) 

Solar  Arrays  - Sun-Orienting 

Access  Doors  to  Modules 
(opposite  side  same) 

Docking  Ring  Assy 
HI -gain  Antenna 


1 in,  = 0.0254  m 


Fig.  5-31  Low-Cost  SEO  General  Configuration 
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5.3  •.^•2  Structures  and  Mechanisms  S-gbsystem.  The  primaiy  structure  of  the 
low-cost  SEO  is  shown  in  Fig.  5-32.  The  structure  is  a rectaugular  "box  divided 
into  compartKients  in  which  readily-removahle  equipment  modules  are  installed. 

The  modules  are  designed  to  he  removed  and  replaced  hy  a space-suited  Shuttle 
crewman.  The  structure  is  a riveted  assembly  made  up  primarily  of  aluminum 
sheet  and  extrusions.  Stainless  steel  angles  provide  thermal  isolation  of 
the  top  and  bottom  panels,  and  stainless  steel  hinges  thermally  isolate  the 
doors.  Factors  of  safety  of  three  or  greater  are  used  to  reduce  design  and 
analysis  efforts  and  to  reduce  or  eliminate  static  load  testing. 

Because  of  the  need  for  orbit  docking  with  Space  Tug,  a docking  ring  assembly 
has  been  provided  on  the  SEO.  The  ring  is  designed  to  be  compatible  with  space 
docking  provisions  on  other  orbiting  vehicles  such  as  the  Space  Station  segments. 
A nominal  diameter  of  96  in.  (2.44  m)  has  been  chosen.  Figure  5-31  shows  the 
general  configuration  of  the  ring.  Each  of  the  foixc  posts  connecting  the  ring 
to  the  base  of  the  SEO  structure  assembly  is  a telescoping  tube  assembly  with 
a set  of  balanced  internal  springs.  These  springs  are  installed  in  the  com- 
pressed condition  so  that  a load  higher  than  the  preload  must  be  applied  before 
the  spring  will  deflect  further.  The  preload  will  be  set  to_exceed  the  maxi3num 
g-load  in^arted  by  the  Space  Tug  during  orbit -to-orbit  boost  of  the  SEO.  The 
function  of  these  springs  is  two-fold: 

(a)  Deflect  to  allow  lengthening  or  shortening  of  the  Shuttle  between  the 
fixed-pin  structural  mountings  of  the  SEO  and  the  Tug  (up  to  2 in. 

(5.1  cmi)  in  either  direction). 

(b)  Aid  in  attenuating  docking  shock  loads. 

The  docking  ring  assembly  is  also  provided  with  a set  of  two  drogue  funnels 
@ 180°  and  a set  of  probes  @ l80°  and  displaced  90°  from  the  funnels;  these 
four  eluents  are  intended  to  mate  with  similar  elements  provided  on  the  Space 
Tug.  All  latching  of  the  mated  probes  and  funnels  is  planned  to  be  accomplished 
mechanically  (automatic).  Unlatching  provisions  (solenoid)  are  assumed  to  be  on 
the  Tug;  all  docking  elements  on  the  SEO  are  functionally  passive. 
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A breaM-own  and  the  weights  of  the  primary  structirre  and  the  docking  ring 
assembly  are  given  in  Fig.  5-33- 

The  SEO  equipment  module  arrangement  is  shown  in  Fig,  5-34.  The  hardware 
elements  comprising  each  module,  and  the  module  weights,  are  listed  in  Figs. 

5~35a,  5-351>5  and  5-350.  The  configurations  of  the  modules  have  been  determined 
as  a result  of  requirements  to  have  reasonable  module  sizes,  weights,  and  unit 
costs;  to  provide  the  required  overall  SEO  weight  and  balance  (mass  distribution); 
and  to  combine  similar  functional  equipment  into  the  same  module.  The  overall 
dimensions  of  the  larger  modules  are: 

Eixperiment  - Photographic  Module  Ho.  1 
CDPI  Modules  Hos.  1,  2,  3 
S&C  - Modules  Hos.  1,  2 

Hote:  1 in.  = 2.54  cm 

5. 3. 4. 3 Experiment  Subsystem.  The  Experiment  subsystem  consists  of  three 
basic  elements;  the  photographic  system;  the  advanced  vidicon  camera  system; 
and  two  secondary  experiments,  a radiation  detector  and  a set  of  20  micro- 
meteoroid  detectors.  Because  of  the  relatively  low  cost  of  the  secondary  ex- 
periments no  effort  has  been  expended  to  achieve  a low-cost  design  equivalent, 

A low-cost  design  has  been  developed  for  the  principal  experiments,  with  pri- 
mary emphasis  upon  the  high- cost  photographic  system. 

a.  Photographic  System  - The  design  of  the  Eastman-Kodak  photographic  system 
for  the  Lunar  Orbiter  was  based  upon  lionar  mission  requirements  and  rather 
severe  weight  limitations.  Redefined  mission  requirements  for  a synchron- 
ous equatorial  earth  resources  mission  plus  removal  of  constraints  upon 
size  and  weight  allow  a larger,  heavier,  and  simpler  system  with  extended 
mission  life  capabilities.  The  basic  Lunar  Orbiter  concepts  have  been 
utilized. 


30  X 30  X 48  in. 
l4  X 24  X 30  in. 
l4  X 24  X 30  in. 
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SPACECRAPT  STRUCTURE  ASSY. 


1 

1 

1 

1 

1 


vn 

CO 


■p- 


I 

1 

lil- 

16 

h 


Top  Panel  30.1  lb 

South  Panel  49.4 

South  Vertical  Divider  26.4 

Middle  Vertical  Divider  47*0 
North  Vertical  Divider  25*6 

Worth  Panel  51.4 

Bottom  (Earth  Side)Panel  27.0 
Horiz.  Shelf  Unit  85.4 

Module  Hold-Down  Devices  96. 0 
East/West  Doors  142.0 


10f»  Contingency 
Total 


580.3  lb 


1 lb  = 0.4536  kg 


Pig.  5-33  Breakdown  and  Weigihts 


DOCKIWC  RING  ASSY. 

4 Shock/tength  Adjust.  Device 

1 Docking  Ring  - 96"  0 .D . 

2 Drogue  Funnels 
2 Probe  Assy. 

10^  Contingency 
Total 


32  lb. 
53 
3 
6 


94  lb 


Spacecraft  Structure 
Docking  Ring  Assy 


638  lb 

io4 
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SUBSYSTEM 

MODULE 

EQUIPMENT  IN  MODULE 

MODULE  WEIGHC 

Electrical 

Battery 
( Ho.  1 ) 

0 NiCd  Battery  (4)  - 12  Amp.  Hr. 
0 Current  Shunt  Assy. 

0 Module  Base/Cover 
0 Internal  Cables 

Basic  154  lb 

10^  Cent.  16 

Total  170  lb 

Electrical 

Power  Control 
C Ho.  2 ) 

0 Battery  Charge  Controller  (4) 
0 State-of -Charge  Unit 
0 Power  Distribution  Unit 
0 Ground  Power  Relay 
0 Motor  Controller  - S/A  Drive 
0 Pulse  Generator  t S/A  Drive 
0 Module  Base/Cover 
0 Internal  Cables 

Basic  ' 92  lb 

15/0  Cont.  lli 

Total  106  lb 

Electrical 

Paddle  Drive 
(2  Eea'd) 
(No.  3_3 
f Ho. 

0 Drive  Motor  (2) 

0 Gear  Box 
0 Module  Base/Cover 
0 Internal  Cables 

Basic  34  lb 

15^  Cont , ^ 

Total  39  lb 

Electrical 

Solar  Paddle 
( 2 Rea ' d) 

C No.  5 ) 

f Ho.  6 •5 

0 Solar  Cell  Panel  (8) 

0 Paddle  Structure 
0 Voltage  Regulator  (Diodes) 
0 Internal  Wiring 

Basie  60  lb 

15^  Cont , 9 

Total  69  lb 

1 lb  = 0,4536  kg 


Fig.  5“35a  Lew-Cost  SEO  Modules  (l  of  3) 
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SUBSYSTEM 

MODULE 

EQUIBENT  IN  MODULE 

MODULE  WEIGHT 

Communication, 
Data  Processing, 
Instrumentation 
(CDH) 

Data  Handling 
^-i2_Reald) 

( No.  1 1 

f No.  2 

• Tape  Recorder/Encoder 

• PCM  Multiplexer/Encoder 

• Command  Decoder 

• Module  Base/Cover 

• Internal  Cables 

Basic 
15^  Cont. 

Total 

70  lb 
11 

81  lb 

Communications , 
Data  Processing, 
Instriunentation 

Communications 
( No.  3 ) 

• Transponder  (2) 

• TWTA 

■ • Modulation  Selector  (2) 

• Module  Base/Cover 

• Internal  Cables 

Basic  lb 

15^0  Cont.  12,. 

Total  87  lb 

Stabilization 
& Control 

Sensing  & Flight 
Control 
Electronics 
(No.'  1 ) 

• Flight  Control  Electronics 

• Horizon  Sensor  (2) 

• Solar  Aspect  Sensor  (2) 

• Module  Base/Cover 
® Internal  Cables 

Basic 
15^  Cont. 

Total 

85  lb 

13. 

98  lb 

Stabilization 
& Control 

Momentum 
(No.  2 ) 

® Giiuballed  Momentum  Wheel 

• Wheel  Drive  Electronics 

• Rate  Qyro  Package 

• Wheel  Safety  Shield 

• Module  Base/Cover 

• Internal  Cables 

- 

Basic  109  lb 

15^^  Cont.  16 

Total  125  lb 

1 1-b  = 0.4536  kg 


Fig,  5-35b  Low-Cost  SEO  Modules  (2  of  3) 
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SUBSYSTEM 

MODULE 

EQUIMENT  IN  MODULE 

MODULE  WEIGHT 

Attitude 

Control 

Attitude 
Control 
(4  rea'd) 
(■  STo.  1 ) 

r Ho.  2 J 
f Ho.  3 J 
Ho.  4 ) 

• Tanh 

• Valves:  Fill,  Belief,  Solenoid 

Latching 

« Press . Regulator 

• Thrust  Valve  Cluster  with 
4 Nozzles 

e Plumbing 

• Transducers 

• Internal  Support 
0 Module  Base/Cover 

• Internal  Cabling 

Basic  12$  lb 

13io  Cont.  18 

Total  IU3 

Experiment 

Photographic 
(Ho.  1 ) 

® Camera 

0 Processor/Dryer 
0 Optical-Mech.  Scanner  (2) 
0 Film  Handling  Assy. 

0 Electronic  Assy. 

0 Nitrogen  System 
0 Film  Supply 
0 Bimat  Supply 
0 Internal  Structure 
0 Case 

0 Internal  Cabling 

Basic  365  lb 

15^  Cont . 54 

Total  419  lb 

/ 

Experiment 

Vidicom  Camera 

C^rr~) 

0 Vidicon  Camera  Assy  (2) 
0 Module  Base/Cover 
0 Internal  Cables 

Basic  75  lb 

15%  Cont . 11, 

Total  -_86  _it 

1113  = O.If-536  iKg 

yig.  5-35C  Lcjw-Cost  SSO  Modules  (3  of  3) 
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The  low^cost  Photographic  system  has  "been  designed  as  a readily  replaceable 
module.  The  entire  Photographic  system  is  track-mounted  within  a sealed 
containep:  ^d  can  be  removed  from  the  container  readily  when  the  container 
end  cap' is ’removed.  The  container  is  approximately  32  in.  (0.813  m)  dia- 

- f 

meter  and  48  in.  ( 1.219  m)  long. 

The  general  configuration  of  the  Photographic  system  is  shown  in  Fig.  5-36. 

, * f 

A single  lens  system  is  used  Hio  produce  high  resolution  images  on  70  film. 

The  lens  is  a Bausch  & Lomb  ^*in.  (22.9  cm)  focal  length  f/4.0  Super  Baltar 

! 

lens-  Qperating  at, fixed  aperture.  A between- the-lens  shutter,  having  speeds 

of  16,  ,and  40  milliseconds,  selectable  by  ground  command,  is  used.  Also 

the  met^l  leaf,  between-the-Lens  shutter,  precludes  the  need  for  an  addition 

r ' ' r 

al  sun  shutter.  Ihiring  expo^^e,  the  film  is  held  flat  by  film  clamps  and 
vacuum . 

At  syncluonous  altitude,  resqftution  of  1.24  nm  (2.40  hm)  will  be  obtained  at 

* * K ^ 

at  nadir  with' an  o^bject  contrast  ratio  of  3*i* 

The  film  to  be  used  is  Eastman-Kodak  Type  30-243  which  has  an  aerial  expos- 
ure index  of  1.6.  This  film,h'al though  relatively  slow,  has  extremely  fine 
grain  ^d  hi^  revolving  pewcf.  Also,  it  has  low  sensitivity  to  ionizing 
radiation.  To  provide  for  cdntrol  and  calibration,  data  consisting  of  hi^ 
and  low  contrast  resolution  bars,  a ten  step  gray  scale,  and  a linearity 
pattern  is  pre-exposed  along  one  edge  of  the  film  under  precisely  controlled 
conditions . 


Eastman-Kodak  "Bimat"  (SO-lll)  processing  is  used  to  develop  the  exposed 
SO-243  film  at  a processing  rate  of  2.3  in.  (5*84  cm)  per  minute.  The  ex- 
posed film  is  laminated  to  the  Bimat  film  and  processing  goes  to  completion 
in  3<  4 min.  of  contact  time  at  a temperature  of  85° F (303°K) . As  the  film 

- » I 

and  Bimat  leave  the  processor  ^dr’um,  they  are  delaminated,  with  the  Bimat 
film  going  to  a dryer  drxmi  which  is  at  a temperature  of  95  ± 3*^  (308  ±2°K)  . 

I 

ResiduaJ.  moisture  on  the  film  is  collected  by  a mat  containing  potassiimi 
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Fig.  5-36  Low-Cost  Photographic  Syst 
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thiocyanate  desicant.  The  dried  frame  is  stored  on  a takeup  looper  for 
readout.  After  each  sequence  of  five  photographs,  the  desicant  mat  is 
heated  to  drive  off  acquired  moisture. 

Bimat  storage  is  a problem  because  of  its  limited  storage  life.  The  most 
suitable  storage  conditions  are  a high  moisture  atmosphere  with  tempera-  _ 
ture  maintained  in  the  33°  to  40°F  (274°  to  278%)  range.  The  Bimat  sup- 
ply system  will  be  designed  to  maintain  these  conditions.  In  order  to 
facilitate  the  temperature  control  of  the  Bimat  supply,  the  Photographic 
subsystem  will  be  thermally  isolated  from  the  remainder  of  the  spacecraft 
and  will  be  designed  to  stabilize  in  the  temperature  range  of  20°  to  30°^ 
(266°  to  272°K) . Thermostatically  controlled  heaters  will  be  used  to 
raise  the  temperature  of  the  Photographic  system  into  the  33*^  to  40°P 
(274°  to  278°K)  range  and  maintain  it  there. 

The  film  and  Bimat  consumption  will  be  six  frames  per  day  for  a total  of 
905  ft  (276  m)  for  a two-year  mission.  The  film  spool  diameter  is  approx- 
imately 9 (22.9  cm)  and  the  Bimat  spool  diameter  is  approximately 

11  in.  (27.9  cm), 

i 

The  photographic  images  are  converted  to  electrical  video  signals  by  the 
optical-mechanical  scanner.  The  scanner  consists  of  a line-scan  tube,  a 
movable  lens  which  mechanically  indexes  the  position  of  the  line  image  on 
the  film,  collector  optics,  photomultiplier  tube,  and  video  amplifier, 
with  the  video  amplifier  being  physically  located  in  the  electronic  module. 
The  readout  time  per  frame ^ is  9*5  min.  Two  optical-mechanical  scanners, 
in  series  with  one  redundant,  are  incorporated  into  the  Photographic  sys- 
tem. The  space  between  the  two  scanners  has  a takeup  looper  to  hold  each 
frame  until  ground  reconstruction  has  been  completed. 

The  nitrogen  container  will  be  filled  with  12  lbs  (5.^^  kg)  of  nitrogen. 
Once  every  twenty-four  hour  period,  an  amount  of  nitrogen,  sufficient  to 
lower  the  relative  humidity  in  the  container  to  approximately  50  percent, 
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will  be  bled  into  the  container.  Nitrogen  and  water  vapor,  in  excess  of  the 
amount  necessary  to  maintain  a pressure  of  2.0  psia  (I.38  N/cm  ) will  be 
vented  to  space.  In  order  to  maintain  a light  tight  seal  between  the  window 
in  the  container  and  the  lens,  it  is  necessaiy  to  have  a bellows  sealed  at 
both  the  lens  and  the  window.  Therefore,  after  the  camera  is  Installed  in  the 
container,  the  bellows  is  to  be  sealed  to  the  window  mounting  frame  and  the 
window  installed.  The  window,  which  will  have  one  surface  anti-reflection 
coated  and  the  other  surface  coated  with  a minus  blue  filter  will  be  installed 
with  an  "0"  ring  seal. 

The  two  end  caps  of  the  container  will  have  gasket  seals  capable  of  withstand- 

2 

ing  a differential  pressure  of  2 psia  {1.38  N/cm  ) . 

The  container  will  be  thermally  isolated  from  the  spacecraft.  For  thermal  con- 
trol, the  exterior  surface  of  the  center  section  of  the  container  will  be 
painted  flat  black  and  the  end  caps  will  be  polished  aluminum. 

The  entire  photographic  system  has  been  reviewed  with  the  purpose  of  reducing 
cost.  The  primary  cost  reductions  were  accon^lished  by  increasing  volume  and 
weight  to  simplify  design,  by  using  alxuninum  in  place  of  beryllium,  and  by  the 
elimination  of  close  tolerances  machining  for  wei^t  control. 

b.  Advanced  Vidicon  Camera  System  (AVCS) 

The  Advanced  Vidicon  Camera  system  is  a modified  version  of  the  ESSA-AVCS  Sys- 
tem which  was  designed  to  provide  earth  coverage  from  orbital  altitudes  of 
l400  nm  (2593  km)  • Since  the  proposed  Advanced  Vidicon  Camera  System  is  to 
operate  at  s3rnchronous  orbit,  a longer  focal  length  lens  becomes  mandatory. 

A 46  ’flu  focal  length-lens  provides  approximately  the  same  angular  field-of- 
view  as  the  Photographic  System.  With  the  present  vidicon,  this  lens  has 
approximate  ground  coverage  of  5500  x 5500  nm  (lO,l86  x 10,l86  km)  and  the 
resolution  at  the  center  of  the  field  of  view  is  approximately  5.5  (l0.2 

km) . 
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Two  systems,  one  standby  redundant,  are  supplied  as  a bore- sighted  package  for 
each  spacecraft.  Fifty  pictures  per  illuminated  portion  of  each  24  hour  period 
are  planned.  The  AVCS  consists  of  a 46  focal  length  lens  with  automatic  iris 
diaphragm  control  ranging  from  f/4  to  f/l6;  an  electromagnetically  controlled 
focal  plane  shutter;  a 2.5  centimeter  vidicon;  associated  sweep  circuits,  high 
voltage  power  supply,  and  preamplifier  all  mounted  in  an  electronic  module; 
and  a flash  lamp  illuminated  gray  scale  directly  in  front  of  the  vidicon.  Be- 
cause of  the  very  special  nature  of  the  AVCS  and  the  fact  it  was  assumed  fur- 
nished GFE,  no  low-cost  redesign  was  attempted. 

c.  Micrometeoroid  Detectors 

The  micrometeoroid  detectors  which  are  described  in  detail  in  NASA  Technical 
Memorandum  X-8l0,  dtd  February  I963,  are  small  pressurized  cells,  mounted  on 
the  exterior  of  the  spacecraft,  which  when  punctured  by  a micrometeoroid, 
yield  an  output  signal  change  of  0 to  +6  VDG . These  hardware  items  are  essen- 
tially off-shelf;  no  effort  was  devoted  to  low-cost  design. 

d.  Radiation -Do sage  Measurement  System 


The  Radiation  Dosage  Measurement  System  consists  of  one  scintillation  counter;, 
to  detect  charged  particles  and  gamma  radiation,  and  two  solid  state  detectors 
which  respond  only  to  charged  particles  of  pre-selected  minimum  energy  levels. 
Here  again,  the  low  relative  cost  and  classification  of  items  as  GFE  offered 
no  challenge  to  low-cost  design  analysis. 

Additional  details  of  the  low-cost  SEO  Experiment  Subsystem  are  contained  in 
LMSC  Engineering  Memo,  RE- 21. 

5. 3. 4. 4 Stabilization  and  Control  (S&C)  Subsystem.  The  Baseline  SEO  is  carried 
into  synchronous  orbit  by  a Burner  II  stage.  During  the  transfer-orbit  to  syn- 
chronous orbit  the  Burner  Il/SEO  combination  is  slowly  rolling  in  the  apogee 
burn  attitude  for  gyro  drift-averaging,  and  thermal  control. 
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After  synchronous  orbit  injection  and  stage  separation,  the  Baseline  SEO  must 
orient  itself  to  the  earth  vertical -velocity  vector-orbit  normal  coordinate 
frajne  and  maintain  attitude  stability  on  station,  within  specified  tolerances, 
for  two  years. 

The  baseline  SEO  S&C  subsystem  has  the  following  functions: 

• control  attitude  transients  from  Bvirner  II  separation 
® acquire  Earth  and  Yaw  references 

• meet  SEO  pointing  requirements  (two  degrees,  all  axes)  for 
two  years 

• stabilize  and  control  SEO  attitude  during  east -west  station- 
keeping maneuvers. 

• reorient  SEO  to  the  orbit  reference  attitude  from  any  attitude 
following  loss  of  reference  for  tumbling  rates  up  to  3 deg/sec. 

• point  the  SEO  spacecraft  to  the  sun  with  near- zero  rates 
following  primary  system  failure. 

The  equipment  required  to  mechanize  the  baseline  SEO  SSsC  subsystem  is  as 
follows : 

• Eli^t  Electronics  Control  Assembly 

• Earth  Horizon  Sensor 

• Sun  Sensors  (2) 

• Rate  Gyro  Package 

• Pli^t  Electronics  Switching  Unit 

• Polaris  Star  Tracker 

• Reaction  Wheels  (3) 

This  equipment  is  derived  from  the  equivalent  Lunar  Orbiter  equipment  retain- 
ing maximum  commonality  of  operating  and  design  concepts,  and  the  constraints 
of  weight  and  volume  limitations. 
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In  contrast  to  the  "baseline  SEO,  the  low-cost  SEO  is  carried,  to  its  final  pos- 
ition, activated.,  and.  checked  out  aboard  the  Space  Tug,  and  separated  in  its 
operational  attitude. 

If  the  low-cost  SEO  should  fail  to  pass  all  critical  tests  before  Tug  depar- 
ture, it  can  be  retrieved  and  returned  to  low  orbit  or  to  earth  for  repair. 

Should  the  SEO  fail  during  the  two-year  life  it  may  be  retrieved  for  reuse  or 
salvage . 

The  low-cost  SEO  S&C  subsystem  has  fewer  functions  and  is  simpler  than  that  of 
the  Baseline  SEO.  Eigure  5-37  compares  the  implementation  of  the  two  SEO  space- 
craft S&G  subsystems  and  Fig.  5-38  compares  the  operational  modes  for  the  two 
designs. 

The  low-cost  SEO  stabilization  and  control  subsystem  shown  on  Fig.  5-39  is 
based  on  active  control  of  a two-degree-of -freedom  CMG-.  Attitude  control  torques 
in  pitch  are  obtained  by  varying  the  wheel  speed  while  roll  and  yavr  control 
torques  result  from  tilting  the  wheel  spin  axis.  The  momentum  of  the  gimballed 
wheel  supplies  gyroscopic  restraint  of  yaw  attitude.  A horizon  sensor  is  the 
source  of  earth-pointing  error  signals  and  scanning  laser  radar  on  the  Space 
Tug  provides  pitch,  yaw  and  roll  attitude  errors  for  docking. 

Two  wide-angle  digital  solar  aspect  sensors  and  a 3-axis  rate  package  are 

included  to  aid  in  reorientation  to  earth  reference  in  the  event  of  a rever- 
sible system  failure  (e.g.,  intermittent  power  supply  outage).  The  same  units, 
in  conjunction  with  cold  gas  thrusters,  comprise  an  anti-tumbling  system  to 
permit  safe  revisit  after  subsystem  failure. 

The  Flight  Programmer  section  of  the  Flight  Electronics  Control  Assembly  pro- 
vides timing,  sequencing,  and  logical  computations  for  all  SEO  subsystems.  It 
accepts  commands  for  real-time  execution  and  for  storage  from  the  communications 
(CDPi)  subsystem.  The  Closed  Loop  Electronics  Section  converts  sensor  signals 
and  command  messages  into  control  logic  and  actuation  signals. 
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1 APPLICATION 

BASELINE  SEO 

LOW-COST  SEO 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

No 

No 

Yes 

No 

Yes 

ITEM  OF  EQUIIMENT 


Plight  Electronics  Control  Assembly 

Earth  Horizon  Sensor 

Sxm  Sensors 

Rate  Gyro  Package 

Flight  Electronics  Switching  Unit 

Polaris  Star  Tracker 

Reaction  Wheels  (3) 

Gimballei  Momentiom  Wheel 
Docking  Reflectors 


yi  Pig*  5-37  Comparison  of  Baseline  and  Low-Cost  SEO  S8sG  Subsystem  Implementation 

VO 

ON 


APPL] 

[CATION 

BASELINE  SEO 

LOW-COST  SEO 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

1 

Yes 

OPERATING  MODE 


Initial  Earth  Reference  Acquisition 
Initial  Yaw  Reference  Acquisition 
Yaw  Reference  Hold 
Earth  Reference  Hold 
East-West  Stationkeeping 
Attitude  Reference  Reacquisition 
Momentm  Unload  I 

Hold  on  Gas  (Backup) 

Docking 


Pig*  5-38  Comparison  of  Baseline  and  Low-Cost  SEO  Subsystem  Modes 
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The  doable -gimballed  reaction  -wheel  control  system  (Fig.  5-4o)  is  a ne-w  con- 
cept now  being  applied  to  three-axis,  long-life  satellite  attitude  control. 

The  system  uses  a single  biased  angular  momentum  reaction  wheel,  mounted  on  a 
restricted  angle,  two  degree-of -freedom  pivot  arrangement  for  angular  momentum 
control  in  roll,  pitch,  and  yaw.  The  low-cost  stabilization  system  requires 
no  yaw  sensor. 

Cost  reductions  were  accomplished  in  the  design  of  the  low-cost  SEO  S&C  sub- 
system by  the  following  means: 


® Combining  the  redundant  Flight  Control  Electronics  uni-ts  of  the 
baseline  SEO  S&G  subsystem  into  a single  package 

• Using  1970  state-of-the-art  off-shelf  components  in  lieu  of  more 
expensive  Lunar  Orbiter  components 

• Substituting  a gimballed  momentum  wheel  for  three  reaction  wheels 

• Eliminating  2 Polaris  Star  Trackers  (gimballed  momentum  wheel  elim- 
inates requirement  for  yaw  sensing) 

• Eliminating  the  Fli^t  Electronic  Switching  Unit  (used  on  Lunar 
Orbiter  for  pyrotechnic  initiation) 

• Repackaging  all  electronic  assemblies  using  low-cost  techniques. 

• Modularization  of  subsystem  equipment 

Additional  details  of  the  S&C  subsystem  and  supporting  analyses  are  contained 
in  LMSC  Engineering  Memo,  PE-22. 


5-3-4.5  Communications,  Data  Processing  and  Instnunentation  (CDPi)  Subsystem. 
The  Communication,  Data  Processing  and  Instrumentation  (CDPl)  subsystems  of 
the  baseline  SEO  and  the  low-cost  SEO  are  functionally  identical  and  the  fol- 
lowing descriptions  are  applicable  to  both. 


5-98 


LOCKHEED  MISSILES  8c  SPACE  COMPANY 


LMSC-A990556 


STABILIZJIPON 

WHEEL 


PITCH 


i^^SATI/R:f)r/6N  u 

77/f  jsr^/^zr 
OR  no  7/  S^er^jsoR 


/. 


w 


2 DOF 

P/\AOT 


ELECinOKECH 

ACTUATORS 


\ nort 


ROLL 


DIRECTION 
OF  FLIGHT 


Note:  Not  to  scale 


Fig.  5-UO  Dual-Gimballed  Wheel  System 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


The  functions  of  the  SEO  CDPI  subsystem  are  as  follows: 

(a)  transmit  photographic,  vidicon,  spacecraft  performance,  and  command 
verification  data  from  the  spacecraft  to  ground  stations. 

(b)  receive  and  decode  commands  transmitted  from  ground  stations  to  the 
SEO  and  to  temporarily  store  the  received  commands  for  verification 
purposes , 

(c)  condition  all  spacecraft  data  other  than  video  data  prior  to  multi- 
plexing/encoding and  to  multiplex/ encode  all  non-video  data  prior 
to  telemetering  to  groimd  stations. 

(d)  sense  certain  conditions  and  parameters  indicative  of  the  Space 
subsystems'  performance. 

The  SEO  CDEE  subsystem  includes  the  following  major  equipment;  An  S-band  trans- 
ponder, a tape  recorder,  a hi^-gain  antenna,  a traveling  wave  tube  amplifier, 
a modulation  selector,  a command  decoder,  a low- gain  antenna,  a PCM  Miltiplex- 
Encoder,  and  pressure  and  temperature  sensors. 

The  block  diagram  of  the  subsystem  is  presented  in  Fig.  5-^1. 

Digital  and  analog  instrumentation  signals  representing  spacecraft  equipment 
status  are  sent  to  the  Multiplexer/Encoder  to  be  combined  with  signals  from 
the  environmental  sensors  and  command  verification  data. 

The  Multiplexer/Encoder  consists  of  an  analog  multiplexer  and  A-D  converter  to 
digitize  78  analog  channels  to  8-bit  accuracy  and  interleave  the  resulting 
digital  data  with  the  data  of  the  digital  input  channels.  The  output  data 
frame  consists  of  128  9~^i'fc  words  including  a 43-bit  Legendre  code  for  frame 
synchronization.  The  data  frame  is  read  out  serially  at  a 50  bps  rate.  The 
data  has  a PCM/HEZ-M  format  and  is  presented  to  the  Modulation  Selector  where 
it  is  PSK-modulated  onto  a subcarrier  frequency  at  30  KHz,  The  30  KHz  status 
telemetry  subcarrier  is  combined  with  either  one  of  the  experiment  subcarriers 
to  form  a baseband  signal  to  phase  modulate  the  carrier  frequency. 
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The  Photo  Subsystem  produces  a DC  to  230  KHz  analog  signal.  This  analog  sig- 
nal is  presented  to  the  Modulation  Selector  where  it  is  vestigial  sideband- 
modulated  onto,  a 310  KHz  subcarrier.  The  video  subcarrier  and  a subcarrier 
reference,  obtained  by  dividing  the  3IO  KHz  subcarrier  by  8,  is  linearly  summed 
with  the  status  telemetry  subcarrier  during  photo  readout.  The  baseband  then 
phase  modulates  the  carrier  frequency  for  transmission. 

The  Vidicon  Subsystem  video  signal  is  encoded  to  9 bits  per  picture  element  to_ 
provide  a 1.6  Mbps  serial  bitstream.  This  data  is  stored  in  a digital  tape  re- 

g 

corder  which  is  required  to  store  up  to  36  frames  (3-9  x 10°  bits  total).  Read- 
cfut  rate  is  slewed  to  32  Kbps  serial  PCM.  This  data  is  frequency  modulated  (PM) 
onto  a subcarrier  frequency  at  15O  KHz  for  transmission  sequentially  with  the 
photo  data.  As  a backup  mode,  the  analog  signal  may  be  modulated  onto  the  photo 
data  subcarrier  for  realtime  readout. 

The  Modulation  Selector  selects  and  modulates  data  subcarriers  under  control  of 
the  Flight  Programmer.  Four  operational  modes  are  provided.  Mode  1 provides 
telemetry  subcarrier  only  for  combination  with  range  code  data  to  modulate  the 
carrier.  Mode  2 provides  telemetry  plus  photo  data  subcarriers  to  modulate  the 
carrier.  Mode  3 provides  telemetry  only  to  modulate  the  carrier  for  high  power 
transmission.  Mode  4 provides  vidicon  data  plus  telemetry  subcarriers  to  modu- 
late the  carrier. 

The  transponder  receives  a carrier  frequency  in  the  range  of  2110  to  2120  MHz 
which  can  be  modulated  with  command  subcarriers  and  range  code  signals.  In  the 
coherent  mode,  the  received  carrier  is  translated  up  in  frequency  by  the  ratio 
of  24o/221  to  provide  a coherent  transmitter  frequency.  The  PEdiT  range  code  and 
command  subcarriers  are  demodulated  in  the  receiver  portion  of  the  transponder. 
The  range  code  is  combined  with  the  telemetry  subcarrier  to  form  a baseband 
signal  which  is  modulated  onto  the  downlink  carrier  frequency  to  provide  two- 
way  range  tracking.  The  command  subcarriers  are  presented  to  the  command  de- 
coder for  command  extraction.  Phase  modulation  of  the  carrier  is  used  to  con- 
trol the  spectral  distribution  of  the  modulated  signal.  The  modulation  index 
is  selected  to  optimize  the  power  distribution  between  the  carrier  and  data 
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subcaxriers.  Mode  1 uses  the  0.5W  output  of  the  transponder  to  drive  the  onmi 
antenna  for  transmission  of  range  and  telemetry  data.  The  other  modes  use  a 
portion  of  the  transponder  power  output  to  drive  the  lOW  TWT  amplifier  for 
transmission  via  the  high  gain  antenna.  The  hi^  gain  antenna  has  a lO-degnee 
heamwidth  and  depends  upon  the  attitude  stability  of  the  vehicle  to  keep  it 
pointed  at  the  groimd  station. 

The  command  decoder  demodulates  command  subcarriers  received  from  the  trans- 
ponder and  stores  it  temporarily.  After  verification  for  validity,  the  command 
is  routed  to  the  Flight  Programmer  and  is  readout  to  the  ground  via  telemetry. 

The  principal  cost  reduction  features  introduced  in  the  low-cost  CDPI  subsystem 
design  were  (l)  the  use  of  low-cost  electronic  assembly  packaging  techniques, 
and  (2)  the  modularization  of  subsystem  equipment  into  modules  which  can  be 
separately  bench-assembled  and  completely  tested  prior  to  installation  into 
the  spacecraft. 

A complete  description  of  the  low-cost  CDPI  subsystem  and  its  functional  char- 
acteristics is  provided  in  LMSC ‘Engineering  Memo,  PE-23- 

5. 3. 4. 6 Electrical  Power  Subsystem.  The  Electrical  Power  subsystems  of  the 
baseline  SEO  and  the  low-cost  SEO  are  functionally  identical  and  the  follow- 
ing descriptions  are  applicable  to  them  both. 

The  major  equipments  for  the  SEO  Electrical  Power  Subsystem  (EPS)  are  shown 
in  Fig.  5-42.  A silicon  solar  pell  array  and  four  secondary  nickel  cadmium 
batteries  supply  continuous -po\7er  to  the  system  loads  during  orbital  li^t 
and  dark  p'eriods,  respectively.  The  power  system  provides  unregulated  dc 
power  to  the  bus  supplying  the  spacecraft  subsystems.  The  subsystems  condi- 
tion this  de  power  as  required  with  individual  power  supplies.  The  nominal 
unregulated  bus  voltage  is  28  volts  and  may  vary  from  23  volts  to  35  volts, 
depending  on  the  SEO  operating  mode. 


5-103 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LOCKHEED  MISSILES  & SPACE  COMPANY 


5upaitf(k 

j tNT£fiF/^CB 


ir< 


O 


■ > 
VO 

o 

vn 

VjI 

O' 


Fig.  5-^2  SEO  Electrical  Power  Subsystem 


Powe^/^  P;5T^/GuT/ca/ 
UMrT 


LMSC-A990556 


The  Electrical  Power  Siibsystem  comprises  the  following  major  equipments: 
a.  Solar  Cell  Array 

The  solar  cell  array  converts  solar  energy  to  electrical  energy.  The  array 
consists  of  two  paddles  with  cells  on  one  side.  The  cells  are  phosphorous  dif 
fused  N/P  silicon  (2x2  cm),  12  mils  (0.3  mm)  thick  with  20  mil  (O.51  mm) 
coverglasses.  The  array  contains  10,752  cells.  The  array  operating  voltage 
is  O-5O  approximately.  The  two  array  paddles  are  individually  driven  to 
track  the  sun  in  one  axis  and  a slipring  power  transfer  assembly  is  provided 
for  each  paxidle. 

h.  Voltage  Regulator 

1 

On-array  Zener  diode  shunt  voltage  limiters  operate  to  provide  an  unregulated 
2h  to  35  vdc  to  the  Power  Distribution  Unit  and  the  Battery  Charge  Controllers 

c.  UiCd  Batteries 

HiCd  batteries  supply  power  to  the  spacecraft  subsystems  during  dark  periods 
and  aid  in  supplying  peak  loads'  during  li^t  periods.  The  batteries  supply 
power  at  23  to  29  volts . I 

I 

d.  State-of -Charge  Unit 

The  state -of- charge  unit  monitors  battery  charge  and  discharge  operation  using 
ampere-hour  integrators  and  provides  data  on  battery  charge  status  to  the  T/M 
system.  The  voltage  is  23-24  VDC  unregulated. 

• I 

e.  Battery  Current  Shunt  Assembly 

The  battery  current  shunt  assembly  measures  battery  charge  and  discharge  cur- 
rents and  provides  proportional  outputs  to  the  State  of  Charge  Unit  for  use  in 
Ampere-Hour  integrators. 
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f . Battery  Charge  Controllers 

Battery  charge  controllers  control  battery  charging  to  levels  appropriate  for 
the  temperatiire  and  state  of  charge  of  batteries. 

g.  Tracker  Pulse  Generator 

The  tracker  pulse  generator  provides  input  pulses  to  the  solar  array  drive 
motor  controller  at  the  fixed  rate  required  for  sun  tracking.  The  timing  ref- 
erence used  is  the  SEO  clock  timer  output. 

h.  Motor  Controller 

The  motor  controller  provides  switching  of  unregulated  28  vdc  to  the  phases  of 
the  stepper  motors  in  proper  sequence  and  for  timed  duration  to  rotate  the  so- 
lar array.  The  time  of  energizing  phases  is  established  by  the  pulses  received 
from  the  Tracker  Pulse  Generator. 

i.  Tracker  Drive  Motors 

The  tracker  drive  motors  step  90  deg  when  activated  by  the  Motor  Controller  and 
provide  the  force  to  rotate  the  solar  array,  in  steps,  through  a gear  box. 

d • Power  Transfer  Assembly 

A slipring  assembly  attached  to  each  rotating  solar  paddle  shaft  allows  array 
power  and  instrumentation  signals  to  be  picked  up  by  a brush  assembly  attached 
to  the  vehicle  structure.  A power  transfer  assembly  is  used  on  each  of  the 
two  array  paddles  and  continuous  3^0  deg  tracking  of  the  arrays  is  provided. 

k.  Power  Distribution  Unit 

The  power  distribution  unit  provides  the  central  distribution  point  for  all 
spacecraft  unregulated  28  vdc  power,  and  houses  line  fuses,  current  sensors, 
relays,  etc. 
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In  synchronous  equatorial  orhit,  the  SEO  experiences  eclipse  shading  for  from 
zero  to  72  min.  for  two  periods  of  44  days  each  during  one  year.  The  EPS  op- 
erates as  follows: 

(1)  The  satellite  enters  sunlight,  with  the  batteries  having  supplied  all 
energy  requirements  during  the  preceding  dark  period. 

(2)  Battery  charging  commences  at  the  maximum  rate  and  continues  until  the 
next  dark  period. 

(3)  The  satellite  enters  the  dark  period,  battery  charging  ceases,  and  the 
batteries  supply  the  spacecraft  load. 

(4)  When  the  eclipse  season  is  over,  the  batteries  are  continuously  trickle 
charged . 

To  reduce  its  cost,  the  solar  array  of  the  low-cost  SEO  shown  in  Pig.  5-43 
incorporates  the  same  design  concepts  employed  in  the  design  of  the  solar  ar- 
ray for  the  low-cost  OAO  described  in  the  previous  subsection.  Aluminum  sheet 
metal  is  used  for  the  paddle  structure  and  the  solar  cell  substrate j and  97-5 
percent  of  the  functional  solar  cells  from  each  manufacturing  lot  of  cells  are 
used.  Simplified,  low-density  packaging  is  used  in  the  design  of  charge  con- 
trollers and  other  EPS  equipment  to  reduce  their  cost. 

The  solar  arrays  have  been  made  oversize  by  approximately  10  percent  to  provide 
for  4-year  degradation  rather  than  2 years.  This  allows  replacement  of  solar 
arrays  (for  SEO  refurbishment)  at  4-year  intervals  and  reduces  array  refurbish- 
ment cost  by  50  percent. 

The  subsystem  equipment  has  been  modularized  to  allow  easy  bench  assembly  and 
testing  of  each  module  and  a minimum  of  installation  time  into  the  spacecraft. 

A more  detailed  description  of  the  low-cost  Electrical  Power  subsystem  and  its 
characteristics  is  provided  in  LMSC  Engineering  Memo,  PE-24. 
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5. 3 •^•7  Attitude  Control  Subsystem.  The  Attitude  Control  Subsystem  of  the 
low-cost  SEO  is  a cold  gas  system  and  provides  torques  to  maintain  spacecraft 
attitude  and  thrust  for  East-West  translation.  It  consists  of  four  identical 
modules,  two  installed  on  the  ’’East"  side  and  two  on  the  "West"  side  of  the 
spacecraft.  Each  module  contains  a cluster  of  four  thrusters  arranged  to  ob- 
tain S-axis  rotation  and  last -West,  translation  of  the  SEO  as  shewn  in  Fig.  5- 
44.  The  schematic  diagram  of  the  SEO  attitude  control  module  is  shown  in  Fig. 

5-45.  The  propellant  storage  tank  is  capable  of  holding  40  lbs  (l8.l4  kg)  of 

6 2 

dry  Freon  l4  at  3000  psi  (20. 7 x 10  IS/m  ) pressure  providing  a total  impulse 
of  1830  lb-sec  (8l4o  W-sec) . The  tank  is  pressurized  throu^  a fill  valve  con- 
taining a needle  valve  which  is  open  to  fill  or  bleed  the  tank  and  closed  to 
maintain  pressure  in  the  tank.  This  valve  is  positioned  flush  with  the  vehicle 
skin  so  that  the  tank  may  be  filled  with  the  module  installed  in  the  vehicle 
althou^  the  tank  is  normally  filled  before  the  module  is  installed.  A 5 
micron  filter  is  connected  into  the  line  leading  to  the  solenoid  latching 
valve.  Also  connected  into  the  line  between  the  tank  and  the  solenoid  latch- 
ing valve  is  the'  relief  valve.  This  valve  opens  and  vents  gas  when  pressure 

6 p 

raises  above  3400  psi  (27.6  x 10  W/m  ).  A thrust  nullifier  is  installed  at 
the  end  of  the  vent  line  to  prevent  any  thrust  being  imparted  to  the  vehicle 
during  venting.  The  solenoid  latching  valve  is  normally  open  and  is  closed 
when  there  is  a leak  in  the  downstream  system,  or  when  there  is  an  indication 
that  the  regulator  is  malfunctioning  causing  an  abnormal  pressure  to  be  sup- 
plied to  the  thrusters.  Downstream  of  the  solenoid  latching  valve  is  the  high 
pressure  regulator  which  reduces  the  3000  psi  (20. 7 x 10  1^/m)  tank  pressure 
to  60  psi  (4,l4  X lO'^  M/m  ) for  the  thrusters.  The  final  downstream  component 
is  the  thrust  valve  cluster  consisting  of  four  solenoid  valves  each  attached 
to  a thrust  nozzle.  Each  nozzle  produces  0.2  lbs  (8.9  W)  thrust. 

The  subsystem  was  designed  so  that  even  with  one  module  failed,  the  remaining 
three  could  provide  adequate  control  thrusting  for  a 24-month  period;  this  re- 
sults in  a very  high  operating  reliability,  0.999*  because  of  this,  no  redun- 
dant components  were  provided  in  any  module. 
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Fig.  5-45  Lew-Cost  SEO  Attitude  Control  Subsystem  Module  Schematic 
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Cost  reduction  was  oTatained  by: 

(1)  Using  a simple  module  design  wMch  allows  complete  bench  assembly, 
gas  charging,  and  testing  prior  to  simple  insertion  into  the  space 
rarae. 

(2)  Use  of  available  off-shelf  components. 

5. 3. 4. 8 Environmental  Control  Subsystem.  The  low-cost  SEO  Environmental  Con- 
trol Subsystem  controls  the  heat  loss  from  the  North  and  South  faces  of'  the 
spacecraft;  thermally  isolates  the  top  and  bottom,  and  East  and  West  faces; 
isolates  and  provides  separate  thermal  control  of  the  Photographic  module; 
and  maximizes  heat  transfer  between  all  other  spacecraft  systems.  The  North 
and  South  faces  of  the  spacecraft  radiate  directly  to  space  with  some  heat 
inputs  from  the  solar  arrays  and  incident  solar  radiation  at  the  extreme  solar 
declination  angles  (±  23.5°)*  The  thermal  control  surface  finish  for  the  North 
and  South  faces  is  selected  to  radiate  the  internally  dissipated  power  with  and 
without  both  solar  heating  and  heating  from  the  arrays.  The  surface  finish  of 
the  North  and  South  faces  has  been  selected  to  dissipate  300  watts  of  internal 
power  to  space  and  maintain  the  bulk  mean  temperature  of  the  spacecraft  above  _ 
0°^  (225'^N) , The  surface  emittance  required  is  an  e of  .165  or  less.  The  re,- 
quired  solar  absorptance  has  been  determined  by  considering  the  maximum  inci- 
dent solar  radiation  on  the  North  and  South  faces,  a maximum  view  of  the  solar 
array  at  l4o°P  (333°K)  and  the  dissipation  of  half  the  power  or  15O  watts  while 
maintaining  the  radiating  surfaces  at  about  70*^  (294°K).  The  solar  absorptance 

(u  ) must  be  .39^  02?  less  on  the  North  and  South  face, 
s 

The  East  and  West  faces  and  the  top  and  bottom  faces  of  the  spacecraft  e35per- 
ience  varying  solar  heat  loads  and  go  throu^  a wide  range  of  temperature. 
Therefore,  those  faces  will  be  thermally  isolated  through  the  use  of  ^ in. 

(1.27  cm)  of  multilayer  insulation.  The  doors  on  the  East  and  West  faces  must 
be  designed  with  consideration  for  the  thermal  isolation  requirements.  The 
hinges  and  attachment  hardware  laiust  be  either  non-metallic  or  low-conductivity 
metals  such  as  titaniton  or  stainless  steel. 
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The  internal  surfaces  will  be  black  to  promote  raiiation  heat  transfer  except 
for  the  East  and  West  and  top  and  bottom  surfaces  which  will  be  either  bare 
aluminum  or  aluminized.  The  internal  bay  structure  will  be  thermally  connec- 
ted to  the  ITorth  and  South  faces.  All  electronic  modules  mast  be  in  intimate 
contact  with  the  momting  surfaces.  The  equipment  module  bases  must  be  such 
that  heat  transfer  to  the  spacecraft  structure  is  compatible  with  the  tempera- 
ture control  requirements  of  equipment. 

The  Photographic  module  must  be  thermally  isolated  frcan  the  remainder  of  the 
spacecraft  by  the  use  of  multilayer  insulation  and  low  conductance  attachment 
hardware,  since  the  Photographic  module  desired  operating  temperature  range 
is  32°E  to  (273*^  to  278*^)  and  the  remainder  of  the  spacecraft  tempera- 
ture range  is  0°P  to  100°F  (255*^  to  311°^)  ■ The  external  surface  finish  of 
that  portion  of  the  North  face  adjacent  to  the  Photographic  m.odule  must  have 
an  or/ e of  .16/  .04  and  Optical  Solar  Reflector  (OSR)  with  an  a/ e of  .06/86  is 
used  to  obtain  the  desired  surface  properties.  The  surface  is  2/3  Aluminum 
tape  and  I/3  OSR  which  results  in  an  a/ e of  .125/. 31*  The  maximum  heater  power 
required  to  maintain  the  temperature  of  the  Photographic  module  at  35°P  (275°K) 
with  no  external  heat^ing  is  I50  watts.  A 15O  watt  heater  blanket,  thermostat- 
ically controlled  to  35°P’''±  1°P  (275  ± 1°K),  should  be  installed  inside  the 
Photographic  module.  The  external  surface  of  the  cylindrical  portion  of  the 
Photographic  module  case  should  be  painted  black,  and  the  end  domes  should  be 
highly  reflective  clad  aluminum.  The  thermal  control  design  proposed  for  the 
Photographic  module  is  feasible  with  careful  design  and  analysis  supported  by 
thermal  vacuum  testing.  Heater  controls  to  ± 1°F  (±  1°K)  accuracy  are  within 
the  current  state-of-the-art. 

The  features  of  the  low-cost  SEO  Environmental  Control  subsystem  are  summarized 
in  Fig.  5-^6. 

5.3 •^•9  Summary  Weights  for  Low-Cost  SEO.  The  weight  summary,  hy  subsystem, 
is  shown  in  Figs.  5-^7a  throu^  5-47d.  The  total  inert  weight,  2,963  lb  (13^ 
kg),  compares  with  the  baseline  SEO  weight  of  1,091  Ih  (49^  kg)  as  shown  in  the 
summary  on  Fig,  5-48. 
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East  "West  Access  Doors  - Door  interior  covered  with 
multilayer  insulation;  door  isolated  from  spaceframe 
with  stainless  steel  hinges. 

@(L)  Top  and  Bottom  Sheets  - Interior  covered  with  - 
multilayer  insulation;  thermally  isolated  by  stain- 
less steel  attach  angles. 

(T)  Interior  Surfaces,  Shelves,  Partitions  - Coated  with 
flat  black  paint  (except  those  covered  with  multilayer 
insulation) 

External  Surfaces  - Coated  with  aluminum  silicone 
paint  (except  area  on  south  side  covering  photo 
module  compartment.) 

(T)  Photo  Module  External  Sheet  - Covered  with  alter- 
nate strips;  2/3  alum,  tape,  1/3  optical  solar  reflec- 
tor tape  .125/.  31) 

(t)  Photo  Module  Compartment  - Multilayer  Insulation 
on  interior  surfaces  (except  outboard  south -side 
panel). 

(T)  Photo  Module  - Low -conductance  mount  to  space- 
frame;  cylindrical  surface  coated  black,  ends  pol- 
ished aluminum.  150  watt  heater  blanket  installed 
internally. 


Spacecraft  Temp.  - O^FtolOO^F  (255°  to  3U°K) 
Photo  Module  Temp.  - 32°F  to  40°F  (273  to  278  K) 


Fig.  5-46  Low-Cost  SEO  E^^onmental  Control  Subsystem 
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5XEERIMEEIT  SUBSYSTEM 


PhotQgraT)hic  Module  

Camera 

Process  Dryer 
Optical-Mech.  Scanner 
Film  Handling  Assy 
Electronics  Assy 
Camera  Internal  Sujipprts 
Wp' System  (incl.  12  lb  N^) 
Internal  Cabling 
Container  & Module  Base 
Film  Supply 
Bimat  Supply 

Vidicon  Camera  Module  = 

Camera  Head  (2) 

Vidicon  (2) 

Electronics  Assy.  (2) 

Module  Base,  Cover,  Cabling 

Radiation  Detectors  (2)  

Micrometeoroid  Detectors  (20) 


21'  lb 


55 

20 

30 

1). 

50 

15 

2k 


26 

6 

lii- 

29 


4^1  lb 

365-  lb 


75 


6 

5 


518  ' lb 


1 lb  = 0.4536  kg 


Fig.  5 -47a  Low-Cost  SEO  Weight  Breakdown 
(1  of  4) 
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COMNCTICATIONS , DATA  ER0CESSIH6,  IHSTRUMEMTATIOH  SUBSYSTEM  - 


Data  Handling  Module  (2)  ■ — — - — 

Electronic  components  (2  sets)  74  lb 

Module  Base,  cover,  cabling  (2)  66 

CoHnnunication  Module- — — 

Electronic  components  44 

Module  base,  cover,  cabling  31 

Higdt-Gain  Ante3ina  

Low-Gain  Antenna  


STRUCTUEE  & MECHAHISM  SUBSYSTEM  - 

Structure  Assy,  (less  doors) 

Module  Hold-Down  Devices  TlS) 



Docking  Ring  Assy.  

EHVIROHMEHTAl  COMTROL  SUBSYSTEM  - 

Multilayer  insulation  

Surface  Coatings 


221  lb 

254  lb 

- i4o 

160 

— 75 

86 

— 4 

5 

— 2 

3 

1 674  lb 

742  lb 

342 

376 

96 

106 

i42 

156 

- 9^ 

io4 

61  lb 

731b 

— 21 

25 

- 4o 

48 

Pig.  5-47b  Low-Cost  SEO  Weight  Breakdown 
(2  of  4) 
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STABILIZATION  & CONTROL  SUBSYSTEM 


I 194  XL 


223  IL 


Sensing  & Flight  Control  Module  = 

Flights  Control  Electronics 
Horizon  Sensor  (2) 

Solar  Aspect  Sensor  (2) 

Module  Base,  Cover,  Cabling 

Momentnim  e - 

ho 'Vo 
12 
' 1 
32 

Gimballed  Momentum  Wheel 

4o 

Wheel  Safety  Shield 

25 

^ ‘ 

Wheel  Drive  Electronics 

5 

H 

Rate  Gyro  Package 

Module  Base,  Cover,  Cabling 

8 

31 

ATTITUDE  CONTROL  MODULE  (4) 

Tank  (4)  (4l  lb  Freon  cap'y) 
Thrust  Valve  Cluster/Kozzles  (4) 
Valves  (4  sets) 

Plumbing  (4) 

Internal  Structure  (4) 
Transducers/Sensors  (4  sets) 
Module  Base,  cover,  cabling  (4) 


gOO  lb 

284 

l4 

20 

12 

48 

6 

116 


■ 98 


125 


573  lb 


Fig.  5-47c  Low-Cost  SEO  Weight  Breakdown  (3  of  4) 
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ELECTRICAL  POWER  SUBSYSTEM 
Power  Control  Module  - 


Electrical  Components  56  lb 

Module  Base,  Cover,  Cabling  36 

Battery  Module — — 

Batteries  (4)  X20 

Shunt  2 

Module  Base,  Cover,  Cabling  32 

Solar  Array  Paddle  (2) — 

Solar  Array  Panels  (16)  & Interconnects  90 
Solar  Paddle  Structure  (2)  30 

Paddle  Drive  Module  (2)  — — 

Drive  Motor  (4)  36 

Gear  Box  (2)  6 

Module  Base,  Cover,  Cabling  (2)  26 


Power  Transfer  Assembly  (2) 

00'“'  Gear  Box  T2)  — 

Interconnect  Elec.  Harnesses 

TOTAL  PAILOAD  IHERT  

EXIEHDABLES  (FREON  l4)  

TOTAL  PAILOAD  FLIGHT  WEIGHT 


W/O  CONTINGENCY 
- 580  lb 


92 


154  lb 


120 

■ 68 


12 

4 

-I30 
2681  lb 
i64 

2845  lb 


(13x1  kg) 


WITH  CONTINGENCY 


664  lb 


105 


168 


138 


78 


l4 

5 

156 

2963  lb 
l64 


3127  lb 


(1447  kg) 


Eig.  5-47d  Low-Cost  SEO  Weight  Breakdown  (4  of  4) 
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I 


HAKDWAKE  ZLE^ENT 


BASELINE  SEO 


EXmiMEKT  PACKAGE*  — 29k  Vo  - 

STHJCTUKE  & MECHAEISMS 133 

ELECTRICAL  POWER  312  

ATTITUDE  CONTROL  — 70  

STABILIZAriOK  & CONTROL  — I36  

COMMUNICATIONS,  DATA  PROCESSING,  & INSTRUMENTATION  — — l4?  -r— 
Em^RONMENTAL  CONTROL  — — - y.  


TOTAL  DRY  WEIGHT  ■ IO9I  LB 


ATTITUDE  CONTROL  GAS  (FREON  l4)  — — ^ 


TOTAL  PAYLOAD  WEIGHT  

* Including  12  Vo  N^ 

**  Including  -weight  contingency  of  approx.  15^ 
1 lb  = 0.4536  kg 


[1151  LB 
(?22  kg) 


LOW-COST  SEO** 

4 518  lb 

742 

580 

573 

,223 

~ 254 

73 


2963  UB 


— 164 


““  I 3127  IBl 

(ikk?  kg) 


Fig,  5-48  Weight  Summary  - Low-Cost  OAO  (Shuttle  Launched) 
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5*3*^-10  Reliability  of  Low-Cost  SEP.  The  ground  rule  of  the  study  was  to  de- 
sign a low-cost  SEO  with  perfonnance  equivalent  to  the  Baseline  SEO.  As  shown 
on  Pig.  5-49a,  the  reliability  of  the  Lunar  Orbiter,  from  which  the  SEO  was  ex- 
trapolated, was  0.729.  By  analysis  and  conversion,  but  using  the  same  compon- 
ent reliabilities  as  were  derived  by  Boeing  for  the  Lunar  Orbiter,  a 1-year  base- 
line figure  of  0.778  was  derived.  These  numbers  were  later  converted  directly 
to  equivalent  2-year  mission-duration  figures  and  a product  of  0,547  was  estab- 
lished initially  for  a 2-year  baseline  SEO. 

Actual  analysis  of  duty  cycles  and  failure  rates  in  four  subsystem  areas  (photo- 
graphic module,  stabilization  & control,  electrical,  and  communications)  resulted 
in  modified  reliability  estimates,  particularly  in  the  photographic  module.  A 
"modified  2-year  baseline"  product  of  O.606  resulted. 

Finally,  the  actual  subsystem  reliabilities  for  the  low-cost  SEO  were  calculated; 
the  results  are  shown  in  the  last  column  of  Pig.  5-49a.  A product  reliability 
figure  of  0,600  was  established.  The  principal  change  was  the  increased  relia- 
bility of  the  Attitude  Control  subsystem  resulting  from  thruster  combinations 
and  modularization. 

The  basic  reasons  for  reliability  change  between  initial  and  modified  baseline 
and  between  modified  baseline  and  low-cost  are  listed  on  Pig.  5-49b. 

5.3.5  Expendable-Launched  SEO  Performance  and  Design  Requirements 

The  low-cost  expendable -launched  SEO  has  been  designed  in  accordance  with  the 
requirements  of  LMSC-A98160O-A,  "General  Specification  - Performance  and  Design 
Requirements  for  Low  Cost  Synchronous  Equatorial  Orbiter  (Earth  Resources  Satel- 
lite) , dtd  5 May  I97I  (Revised) . It  is  to  be  launched  by  an  expendable  launch 
vehicle,  the  Titan  UID/Centaur . 

The  mission  of  the  expendable -launched  SEO  is  the  same  as  that  of  the  Shuttle- 
launched  SEO  defined  previously. 
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SUBSYSTEM 

LUNAR 

ORBITER 

— 

1-YEAR 

BASELINE 

2-YEAR 

INITIAL 

BASELINE 

2 -YEAR 
MODIFIED 
BASELINE 

2-YEAR 

LOW-COST 

Experiment 

Camera 

Vidicon 

Secondary  Experiments 

.899 

(.908) 

(.9^) 

.845 
( .904) 

( .935) 
(.990) 

,84i  /C\ — 

' 

-«►  .949 

(.965) 
( .999) 

(.984) 

,949 

(.965) 

(.999) 

( .984) 

Structures 

.996 

.996 

.997 

.997 

- -999 

Environmental  Control 

.999 

.999 

.999  . _ _ 

.999 

^99  ■■  ■_  _■ 

Propulsion 

,987 

.998 

_ 

Attitude  Control 

.992 

.961  , . 

.961..  /3\— 

.999  ■ ■ 

Electrical 

.990 

.968 

.902  At— 

U-  .871 

.871 

Stabilization  & Control 

.882 

.981 

.862  /l\ 

«»'  .870  /6V“ 

.852 

Communications,  Data 
Processing,  Instrumen. 

.945 

.980 

.886  A— 

.882 

.855 

Payload  Total 

.729 

.778 

.547 

.606 

.600 

ITote:  See  ^Ig.  for  definition  of  flag  detail 


Fig.  5-49a  Comparison  of  Subsystem  Reliability  SEO  Payload 
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Inertial  Reference  Unit  deleted.  (Burner  II  upper  stage  used  for  injection 
stabilization  and  control) 


Refined  redundancy  inodes 


A Addition  of  cold  gas  tanlis  and  modularization  of  subsystem  into  four  modules; 

thrusters  arranged  to  allow  adequate  operation  for  2 years  even  with  one  of 
four  modules  not  operating. 

A iHity  cycle  reductions 


A 

A 


Eliminate  component  redundancy;  use  hi^er-reliability  TWTA 

Eliminated  star  trackers;  substituted  gimballed  momentum  wheel  for  three 
reaction  wheels. 


Eig.  5“^9t)  Comparison  of  Subsystem  Reliability  - SEO  Payload 
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The  expendable-launched  SEO  -will  be  mated  with  the  Titan  IIID/Gentaur  and  will 
be  protected  during  ascent  by  the  Centaur  Standard  Shroud.  The  Centaur  will 
transport  the  SEO  to^  synchronous  equatorial  orbit,  place  it  on  station  in  oper- 
ational attitude,  and  then  separate  from,  it  and  depart. 

5*3.6  Low-Cost  Expendable -Launched  SEO  Configuration 

r 

The  configuration  of  the  ejqpendable -launched  low-cost  SEO  is  identical  to  that 
shown  for  the  Shuttle -launched  SEO  except  that  the  docking  ring  will  he  replaced 
hy  a separation  ring  incorporating  LMSC  "Super  Zip".  Figure  5-50  shows  the 
configuration.  The  four  posts  shown  at  the  lower  four  corners  of  the  SEO  will 
he  attached  to  the  upper  angle  shown  in  Section  A-A. 

5.3*7  description  of  Low-Cost  Expendable-Launched  SEO 

5. 3 -7-1  Suhsysi!ems  of  the  SEO.  The  designations  of  the  subsystems  of  the  ex- 
pendable-launched SEO  are  the  same  as  those  of  the  Shuttle-launched  SEO.  Also, 
the  descriptions  of  the  Shuttle -launched  SEO  subsystems  are,  in  general,  appli- 
cable to  the  expendable -launched  SEO  subsystems  and  will  not  be  repeated.  Only 
the  differences  between  the  subsystems  of  the  expendable-launched  SEO  and  those 

I 

of  the  Shuttle -launched  SEO  will  be  described.  The  differences  are  summarized 
in  Fig.  5-51- 

5. 3*7*2  Structures  and  Mechanisms  Subsystem.  The  docking  ring  assembly  will, 
he  replaced  by  the  separation  ring.  The  spring  cartridges  attaching  the  dock- 
ing ring  to  the  box  structure  of  the  SEO  will  he  replaced  by  fixed  posts.  The 
structure  and  mechanisms  of  bOjth  the  expendable -launched  and  the  Shuttle- 
launched  SEO  axe  designed  with  hi^  factors  of  safety  for  expendable  launch 
vehicle  loads  to  minimize  design,  analysis,  manufacturing,  and  testing  costs. 

The  wei^t  penalty  incurred  is  acceptable  for  both  the  expendable -launched 
and  Shuttle -launched  SEOs. 

5*3*7*3  Stabilization  and  Control  Subsystem.  The  S8sC  Subsystem  is  as  des- 
cribed for  the  Shuttle -launched  SEO  except  that  the  docking  reflectors  are 
deleted. 
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PAYLOAD  IMTEQRATION  HARDWARE  STABILI2ATI0H  & COIifTROL 

« Adapter  - Payload  to  Centaur  • Docking  Reflectors  (4) 

• Exit  Pairing  - Centaur  "Long" 

COMMUEICATIOES,  DATA  PROCESSING.  STHLTCTURE 

lESTRUMEKTATIOlSr  ^ . 

• Docking  Ring 

• Transponder  (3  in  lieu  of  2) 

« TWTA  (2  in  lieu  of  l) 


STRUCTURE 

• Separation  Ring 


^ig.  5-51  Equipment  Changes  to  Low-Cost  SEO  for  Expendable-Booster  Launch 
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5-3. 7*^  Communication,  Data  Rrocessing,  and  Instrcmientation  Subsystem,  The 
subsystem,  described  for  the  Shuttle-launched  SEO  is  augmented  by  a third  trans- 
ponder and  a second  traveling  vave  tube  amplifier  to  increase  confidence  in  the 
success  of  the  mission;  the  confidence  afforded  by  in-orbit  checkout  prior  to 
launch,  provided  by  the  Shuttle,  is  not  available. 

5-3.7*5  Summary  Weights  of  the  Low-Cost  Expendable-Launched  SEO.  The  weight 
summary,  by  subsystem,  for  the  low-cost  expendable -launched  SEO  is  shown  on 
Fig.  5-52. 

5, 3. 7. 6 Reliability.  Becuase  the  ground  rule  of  the  study  was  to  design  a_ 
lew-cost  SEO  with  equivalent  performance  to  the  baseline  SEO,  very  little  ef- 
fort has  been  expended  toward  further  refinement  of  the  baseline  SEO  subsystem- 
level  reliabilities.  Figure  5-53  summarizes  the  reliability  data.  Because  of 
the  added  redundancy  of  the  TWTA  and  the  Transponder  in  the  CDPI  subsystem, 
the  reliability  of  that  subsystem  has  been  improved  from  .882  to  .891.  As  in 
the  Shuttle-launched  SEO,  the  Attitude  Control  subsystem  reliability  has  been 
inproved  by  utilizing  four  identical  modules,  with  only  three  of  the  four  re- 
quired to  obtain  full  controllability  of  the  SEO;  the  increased  reliability  is 
•999  compared  to  the  baseline  .961.  These  two  changes  result  in  the  payload 
product  reliability  improving  from  the  baseline  of  .606  to  .628. 
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HARDWABE  ELEMENT 


BASELINE  SEO 


LOW-COST  SEO** 


v-n 

I 

H 

ro 

-<i 


EXPERIMENT  PACKAGE* 

294  lb 

518  lb 

STRUCTURE  & MECHANISMS 

133 

722 

ELECTRICAL  POWER 

312 

580 

ATTITUDE  CONTROL 

70' 

573 

STABILIZATION  & CONTROL 

136 

223 

COMMUNICATIONS,  DATA  PROCESSING, 
INSTRUMENTATION 

— i4t 

277 

ENVIRONMENTAL  CONTROL 

11 

73 

TOTAL  DRY  WEIGHT  

I 2966  lb  1 

ATTITUDE  CONTROL  GAS  (FREON  l4) 

60 

l64 

TOTAL  PAYLOAD  WEIGHC 
PAYLOAD  INTEGRATION  HARDWARE  (ADAFTER) 


1151  lb 


3130  lb 


265 


TOTAL  LAUNCH  WEIGHT  (LESS  EXIT  FAIRING) 


C 3395  lb  ) 


* Including  12  lb  N^ 

*-x-  Including  -weight  contingency  of  approx,  \5l<> 

1 Ih  = 0.4536  kg 

Pig.  5-52  Wexght  STOMnary  - Lo-w-Cost  SEO  (Expendable -Booster  Launched) 
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LOW-COST 

SEO 

EXPERIMEHT 

.949 

.949 

STRUCTURES 

.997 

• 999 

ENVIRORMEETAL  COETROL 

• 999 

•999 

ATTITUDE  COETROL 

.961 

•999 

ELECTRICAL 

.871 

.871 

STABILIZATION  & CONTROL 

0 

t— 

CO 

.852 

COMMUNICATIONS,  DATA  PROCESSING, 
INSTRUMENTATION 

.882 

ML 
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Fig.  5-53  Subsystem  Reliability  - Expendable-La\mched  SEO 
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5.4  LOW-COST  SMALL  BESEAECH  SATELLITE  (SRS)  DESIGN 

The  designs  of  a low-oost  Small  Research  Satellite  (SRS),  for  launch  hy  the 
Space  Shuttle,  and  hy  e2ii)endahle  launch  vehicles  are  derived  from  the  Air  Fore 
P-11  satellite  (designed  and  developed  hy  LMSC)  and  are  described  in  the  folio 
ing  paragraphs . 

t 

5.4.1  Derivation  of  the  Baseline  SRS 

The  P-11  spacecraft  is  designed  to  be  mounted  on  the  aft  equipment  rack  of  an 
Agena  vehicle.  After^the  Agena  attains  orbit,  the  P-11  separates  and  is  injec 
ted  into  its  mission  orbit.  The  P-11  spacecraft  includes  structure,  a solar 
power  system,  a command  system,  a data  system,  and  a propulsion  system.  Space 
wei^t,  power,  and  data  handling 'capability  are  provided  for  various  types  of 
payloads.  The  P-11  and  its  launcher  assembly  are  shown  in  Fig.  5-54. 

The  P-11  as  depicted  does  not  provide  sufficient  electrical  power  to  perform 
the  HiGlo  mission.  Also  the  allocation  of  equipment  to  subsystems  differs 
sli^tly  from  that  which  has  been  established  as  standard  for  the  Payload  Ef- 
fects study.  Therefore,  a corrected  baseline  SRS  configuration  has  been  cre- 
ated. The  equipment  list  for  the  corrected  baseline  SRS  may  be  found  in  Figs. 
5-55u  to  5“55f > together  with  equipment  lists  for  the  Initial  Baseline  SRS 
(P-ll),  the  Low-Cost  SRS  (Expendable  launched),  and  the  Low  Cost  SRS  (Shuttle 
launched) . The  major  difference  in  configuration  between  the  corrected  Base- 
line SRS  and  the  Initial  Baseline  SRS  is  the  addition  of  an  identical  solar 
module  frame  to  each  of  the  six’  frames  shown  in  Fig.  5-54.'^ 

5.4.2  Shuttle-Launched  SRS  Performance  and  Design  Requirements 

The  design  of  the  low-cost  Shuttle -launched  SRS  has  been  developed  in  accord- 
ance with  the  requirements  of  LMSC-A981647-A,  "General  Specification,  Perform- 
ance and  Design  Requirements  for  Low-Cost  Small  Research  Satellite  (SRS)",  dtd 
5 May  1971  (Revised) . Specifically  the  design  of  the  low-cost  SRS  is  to  he 
compatible  wli:h  the  requirements  of  the  HiGlo  experiment  and  to  he  readily 
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Hardware  Element 

Initial 

Baseline 

L— 

Corrected 

Baseline 

Low-Cost 

(Expendable) 

Low-Cost 
( Shuttle) 

ftty 

Total  Wt. 

Qty 

Total  Wt, 

1 

Q.ty 

Total  Wt . 

Qty 

Total  Wt. 

Experiment  Installation 

(1)' 

(55.7) 

(1) 

(55.7) 

(1) 

t 

(82.3) 

(1) 

(82.3) 

Experiment  Module  No.  1 

- 

- 

- 

- 

(1) 

(37.4) 

(1) 

(37.4) 

Ion  Energy  Analyzer  ( -l) 

3.7 

1 

3.7 

1 

3.7 

1 

3.7 

Ion  Energy  Analyzer  (-2) 

1 

1. 

>», 

1 

1. 

1 

1. 

1 

1. 

Epithermal  Electron  Anlr. 
(-1) 

1 

3.5 

1 

3.5 

1 

3.5 

3.5 

Epithermal  Electron  Anlr. 
(-2) 

2 

2. 

2 

2. 

2 

2. 

2 

2. 

Cyl.  langrauir  Probe 

1 

2. 

I 

2. 

1 

2. 

1 

2. 

0°  Multichannel 
Particle  Anlr. 

1 

2.6 

1 

2.6 

1 

2.6 

1 

2.6 

55*^  Multichannel 
Particle  Anlr. 

1 

2.2 

1 

2.2 

1 

2.2 

1 

2.2 

Proton  Ify-drogen  Anlr. 

1 

2.8 

1 

2.8 

1 

2.8 

1 

2.8 

Electric  Field  Probe 

1 

2.6 

1 

2.6 

1 

2.6 

1 

2.6 

Cal  8c  Interface  Box 

1 

1. 

1 

1. 

1 

1. 

1 

1. 

Data  Mode  Box 

1 

1. 

1 

1. 

1 

1. 

1 

1. 

Module  Base 

_ 

- 

>■ 

- 

1 

10. 

1 

10. 

Module  Cables 

— 

— 

- 

- 

Set 

3. 

Set 

3. 

1 lb  = 0.l|.536  kg 


Fig,  5-55a  SRS  Weight  Breakdown  (Wo  Contingency) 
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Hardware  Element 

Initial 

Baseline 

Corrected 

Baseline 

Low-Cost 
f Expendable) 

Low-Cost 

(Shuttle) 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

; 

Total  Wt. 

Experiment  Module  Wo.  2 

- 

- 

- 

- 

(1) 

(44.9) 

(1) 

(44.9) 

Ion  Energy  Analyzer  (-l) 

1 

3.7 

I 

3.7 

1 

3.7 

1 

3.7 

Ion  Energy  Analyzer  (~2) 

1 

1. 

1 

1. 

1 

1. 

1 

1. 

Electrostatic  Analyzer 

1 

5.9 

1 

5.9 

1 

5.9 

1 

5.9 

90°  Multichannel 
Particle  Analyzer 

1 

2.8 

!■ 

2.8 

1 

2.8 

1 

2.8 

Total  Energy  Proton 
Sensor  ( -l) 

1 

1.7 

1 

1.7 

1 

1.7 

1 

1.7 

Total  EnerOT  Proton 
Sensor  (-2) 

1 

1.6 

1 

1.6 

1 

1.6 

1 

1.6 

Angular  Distribution 
Inst. 

3 

4.5 

3 

4.5 

3 

4.5 

3 

4.5 

ADI  Power  Supply 

1 

1.8 

1 

1.8 

1 

1.8 

1 

1.8 

Penetrating  Rad.  Monitor 

1 

5.9 

1 

5.9 

1 

5.9 

1 

5.9 

Tri-Axis  Magnetometer 

1 . 

i* 

1 

1. 

1 

1. 

1 

1. 

TAM  Electronics 

1 

2., 

1 

2.. 

1 

2. 

1 

2. 

Module  Base 

- 

- 

- 

- 

1 

10. 

1 

10. 

Module  Cables 

- 

- 

“ 

“ 

Set 

3. 

Set 

3. 

1 lb  =' .4536  kg 


Fig,  5 “55b  SRS  Weight  Break-down  (Wo  Contingeiu^) 
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Hardware  Element 

Initial 

Baseline 

Corrected 

Baseline 

Low-Cost  j 

(Expendable)  j 

Low-Cost 
( Shuttle ) 

Q,ty 

Total  Wt , 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

Electrical  Power  S/S 
Solar  Panel  Structure  Assy 

6 

(49.0  lb) 
4.2 

12 

(99.8  lb) 
12. 

(182.9  Ih) 

(i44.9  lb) 

Solar  Cell  Modules 

90 

15.1 

204 

33. 

■ 

- 

- 

- 

Solar  Panel 

(27.6"  X 22") 

8 

51.3 

8 

51.3 

NiCd  Battery  (6  AH) 

1 

16, 

2 

32. 

- 

- 

- 

HiCd  Battery  (l2  AH) 

- 

- 

- 

- 

2 

60. 

1 

30. 

Battery  Dissipator 

1 

0.6 

2 

1.2 

2 

2. 

1 

1. 

Power  Control  Unit 

1 

3.5 

2 

7. 

2 

l4.. 

1 

7. 

Pyro  Control  Unit 

1 

2.6 

I 

2.6 

1 

2.6 

1 

2.6 

Module  Base 

~ 

- 

- 

1 

10. 

1 

10. 

Module  Cables 

- 

- 

_ 

- 

set 

3. 

sei: 

3. 

Electrical  Harness 

Set 

7. 

Set 

12. 

set 

4o. 

Set 

4o. 

1 lb  = .4536  kg 


^ig.  5-55c  SRS  Weight  Breakdown  (Wo  Contingency) 
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Hardware  Element 


CDPI  Subsystem 
Command  Receiver 
Command  Decoder 
Status  Commutator  (5x6o) 
Exp.  Commutator  (5x90) 
Exp.  Commutator  (lx90) 
Exp.  Commutator  (lQx30) 
VCO 

DM  Transmitter 
EM  Transmitter 
Diplexer  (Multicoupler) 
VHP  Antenna 
Tape  Recorder 
Primary  Timer 
RE  Switch 
Status  Sensors 
Earth  Horizon  Sensor 
Solar  Aspect  Sensor 
SAS  Electronics 
Command  Antenna 
Module  Base 
Module  Cables. 


Initial 

Baseline 


Corrected 

Baseline 


Low-Cost 
ndable) 


Total  Ht.  Qty  Total  Wt.  Qty  Total  Wt. 


Low-Cost 

(Shuttle) 


Total  Wt. 
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Initial 

Corrected 

Low-Cost 

Hardware  Element 

Be 

Lseline 

Baseline 

( ExTJe  nd.ab!L0  ) 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

m 

Stabilization  & Control 
Subsystem 

1 

( 2.2  lb) 

1 

(26.3  Ih) 

(55.3  Ih) 

— 1 

(53.3  Ih) 

Wobble  Damper 

1 

2.2 

1 

3 

1 

10 

1 

10 

Magnetic  Torquer 

- 

- 

1 

5 

1 

10 

1 

10 

Magn.  Torq,.  Electronics 

- 

- 

1 

2 

1 

5 

1 

5 

Earth  Horizon  Sensor 

- 

- 

2 

4. 

2 

4 

2 

4 

Solar  Aspect  Sensor 

- 

- 

1 

0.3 

1 

0.3 

1 

0.3 

SAS  Electronics 

- 

- 

1 

3 

1 

3 

1 

3 '' 

Earth  Sensor  Electronics 

- 

- 

1 

2 

1 

3 

1 

3 

Aux.  El.  Cont.  Elect. 

- 

- 

1 

2 

1 

2 

- 

- 

Module  Base 

— 

_ 

1 

10 

1 

10 

Module  Cables 

- 

- 

- 

- 

Set 

2 

Set 

2 

Propulsion  & AC  S/S 
Spin  Motor  - Talley 

(46.6  lb) 

(27.0  lb) 

(48.0  lb) 

(48.0)  " 

65-004-002 

2 

2.0 

8 

8.0 

- 

- 

- 

- 

Rocket  Motor  - ThiOfcol 

• 

(WP=2l) 

(WP=2l) 

TE  345-n 

- 

- 

-r 

1 

36 

1 

36 

Rocket  Motor  - LPC 

(WP=l6,4ea) 

(WP=13) 

2P14i02 

2 

44.6 

1 

19 

- 

- 

- 

- 

Spin  Motor  - Hercules 

SR9-HP-I 

- 

- 

- 

- 

8 



8 

12 

■WP  = Weight  of  Propellant 
1 lb  = .^536  kg 
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Initial 

Baseline 

Corrected 

Baseline 

IiOw~Cost 

(Expendable) 

Low-Cost 

(Shuttle) 

Hardware  Element 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

Qty 

Total  Wt. 

Qty 

Total  Wt 

Structure  & 
Mechanisms  S/S 

(4o.3  lb) 

(40.3  lb) 

(180.2  lb) 

(180.2  lb) 

Structure 

1 

40.3 

1 

40.3 

1 

180.2 

1 

180.2 

Environmental 
Control  s/s 

( 6.4  lb) 

( 9.  lb) 

( 40.  lb) 

( 40.  lb) 

Multilayer  Insulation 

2.4 

5. 

20 

20. 

Surface  Coatings 

4. 



4. 

20 

20. 

1 lb  = .U536  fcg 


5’ig*  5-55f  SRS  Weight  Breakdown  (Wo  Contingency) 
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adaptable  to  the  requirements  of  other  space  physics  missions . For  the  HiGlo 

mission  the  SBS  vill  be  carried  by  the  Space  Shuttle  into  a low  earth  orbit 

having  an  apogee  of  15O  nm  (278  km).  It  will  be  cheeked  out  in  the  Shuttle 

cargo  bay  and  then  ejected  from  the  Shuttle  by  spring  mechanisms,  spun  by  small 

rockets  and  propelled  into  the  orbit  [h  = I50  nm  (278  km),  h^  = 275  nm  (509 

t P a 

km) ] by  a single  solid  propellant  rocket  motor . One  HiGlo  mission  operations 
plan  provides  for  three  complete  HiGlo  spacecraft  to  be  carried  into  orbit  by 
the  Shuttle  and  for  two  of  them  to  be  launched.  The  third  spacecraft  will  be 

a spare  to  be  , launched  if  either  of  the  other  two  is  found  to  malfunction  dur- 

» 

ing  checkout  in  the  Shuttle  cargo  bay. 

• \ 

For  the  HiGlo  mission,  the  SRS  orbit  will  be  near-polar  and  sun- synchronous . 

The  spacecraft  spin  axis  will  be  maintained  normal  to  the  orbit  plane  and  the 
solar  cell  panels  will  be  perpendicular  to  the  sun's  rays. 

t 

5.4.3  how-Cofet  Shuttle -Launched  SRS  Configuration 

The  general  configuration  of  the  low-cost  Shuttle-launched  SRS  is  shown  in  Fig, 
5-56.  The  location  of  equipment  modules  in  the  spacecraft  is  shown  in  Fig, 

5-57- 

In  desigiing  the  low-cost  SRS,  advantage  has  been  taken  of  the  exceptional 
payload  weight  and  volume  capability  of  the  Space  Shuttle  to  create  an  SRS 
that  has  greater  growth  potential  than  conventional  spacecraft.  Volume  and 
structural  support  is  available  for  the  installation  of  up  to  100  lb  (45.4  kg) 
of  additional  experiment  equipment  and  a similar  quantity  of  subsystem  equip- 
ment. The  power  available  for  experiment  and  spacecraft  equipment,  nominally 
50  watts  average,  can  be  increased  to  100  watts  average  by  the  installation  of 
additional  solar  cell  panels  in  place  of  plain  skin  panels.  A second  propul- 
sion rocket  may  be  installed  to  provide  greater  total  propulsion  impulse  for 
alternate  inissions. 

The  low  density  packaging  and  ease  of  access  to  equipment  provided  by  the  low- 
cost  SRS  will  sin^lify  its  conversion  to  other  missions. 
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5.^.4.!  SuTjsystems  of  the  Low-Cost  Shuttle -Launched  SRS.  The  subsystems  com- 
prising the  low-cost  SRS,  both  Shuttle -launched  and  expendable-launched,  and 
the  LMSC  Engineering  Memos  that  describe  them  in  detail  cire  as  follows: 


Subsystem 


Experiment  Installation 
Stabilization  & Control 
Communications,  Data  Processing  &■ 
Instrumentation 
Electrical  Power 
Propulsion  & Attitude  Control 
Environmental  Control 
General  Payload  Description 


L^BC  Engineering  Memo 


ee-4i 

PE-U2 


EE -43 
ee-44 
EE -45 
ee-46 
EE-47 


Summary  descriptions  of  all  subsystems  are  presented  in  the  following  para- 
graphs. A separate  Engineering  Memo  describing  the  Structures  & Mechanisms 
Subsystem  has  not  been  prepared  and  that  subsystem  is  described  first. 


5. 4. 4. 2 Structures  & Mechanisms  Subsystem.  The  primary  structure  of  the  low- 
cost  SRS  is  shown  in  Fig.  5-58.  Four  deep  beams  made  up  of  aluminum  sheet  and 
extrusions  form  an  "eggcrate"  assembly  in  which  subsystem  equipment  may  be  in- 
stalled. This  assembly  is  strengthened  by  heavy  tee  extrusions  connecting  the 

! 

outboard  mid-points  of  the  deep  beams,  and  by  angles  connecting  the  outboard 
corners  of  the  beams.  Shear  strength  is  provided  by  a heavy  shear  panel  at  the 
raid-plane  of  the  structure,  and  by  bulkheads  that  close  the  ends  of  the  four 
triangular  compartments  of  the  "eggcrate".  Each  of  the  ei^t  plane  surfaces 
of  the  octagonal  primary  stractrire  assembly  provides  for  the  attachment  of  two 
solar  panels  or  skin  panels.  As  configured  for  the  HiGlo  mission,  the  SRS  has 
eight  solar  panels,  three  skin  panels  incorporating  view  ports  for  sensors,  and 
five  plain  skin  panels.  The  +Y  and  -Y  faces  of  the  SRS  structure  are  closed  by 
stiffened  aluminum  panels  and  insulated  by  multilayer  insulation  blankets.  The 
structure  assembly  includes  secondary  structure  for  the  attachment  of  equipment 
modules,  rocket  motors,  antennas,  and  fittings  for  handling  and  deplojnnent  of 
the  SRS.  The  SRS  structure  has  been  designed  with  generous  provisions  for  aug- 
mentation of  the  baseline  HiGlo  mission.  Volume  is  available  for  the  addition 
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of  experiment  and  subsystem  equipment  including  a second  propulsion  rocket. 
Also,  the  average  power  available  for  subsystem  and  experiment  equipment  can 
be  increased  from  50  watts  to  approximately  100  watts  by  the  installation  of 
additional  solar  cell  panels.  The  strength  of  the  structtsre,  based  on  factors 
of  safety  of  three  or  greater,  permits  the  addition  of  equipment  without  ex- 
tensive analysis  and  redesign. 

Most  of  the  equipment  of  the  HiGlo  SRS  is  packaged  in  readily  removable  modules 
to  reduce  development  and  test  costs.  The  location  of  modules  in  the  SRS  was 
previously _shown  in  Fig.  5-57  and  the  equipment  making  up  each  module  is  listed 
in  Figs.  5-59a  and  5-59t. 


Since  the  SES  is  spin  stabilized  it  mast  be  dynamically  balanced.  During  the 
detail  design  of  the  spacecraft  consideration  will  be  given  to  the  placement  of 
equipment  to  minimize  unbalance.  Balance  weights  will  then  be  used  to  estab- 
lish dynamic  balance. 


5.4-.14-.3  Experiment  Installation.  The  experiment  chosen  for  consideration  in 
the  design  of  the  low-cost  SRS  is  the  HiGlo  experiment  that  was  flown  on  the 
USAF  OV-1-18.  The  objective  of  this  experiment  was  to  obtain  data  concerning 
ion  energies  and  density  gradients  in  the  F layer  of  the  ionosphere.  The  ex- 
periment equipment  was  as  follows: 


Item 

Wt  (lbs) 

Pwr.  Average 

Ion  Energy  Analyzer  (4) 

7-7  lbs 

5.2 

Epithermal  Electron  Analyzers  (3) 

5.5 

i^.8 

Cylindrical  Langmuir  Rrobe 

2.0 

3 

Electrostatic  Analyzer 

5.9 

2.3 

0 Multichannel  Particle  Analyzer 

2.6 

1 

55q  Multichannel  Particle  Analyzer 

2.8 

1 

90  Multichannel  Particle  Analyzer 

2.2 

1 

Proton  Hydrogen  Analyzer 

2.9 

0.9 

Total  Energy  Proton  Sensors  (2) 

3.3 

1.4 

Angular  Distribution  Instruments 
(3)  plus  power  supply 

6.3 

3.2 

Penetrating  Radiation  Monitor 

5.9 

2.6 

Electric  Field  Probe 

2.6 

1.3 

3-Axis  Magnetometer  (Flux  gate) 

0.6 

1 

Calibration  & Interface  Box 

1 

0.3 

Data  Mode  Box 

1 

1.1 

52.3  lbs 
(23.7  kg) 

30.1  watts 

LOCKHEED  MISSILES  8c  , SPACE 

)rO 

COMPANY 

SPACE  COMPANY 


Subsystem 


Module 


Equipment  in  Module 


Experiment 

Experiment 

Installation 

Ho.  1 

Experiment 

Experiment 

Installation 

No.  2 

Electrical 

Electrical 

1 lb  = 0.45359  kg 

Pig.  5-59a 

Ion  Energy  Analyzer  (-l) 

Ion  Energy  Analyzer  ( -2) 

Epithermal  Electron  Analyzer  (-l) 

Epithermal  El-ectron  Analyzer  ( -2) , 2 

Cylindrical  Langmuir  Probe 

0^  Multichannel  Particle  Analyzer 

55  Multichannel  Particle  Analyzer 

Proton  Hydrogen  'Analyzer 

Electric  Field  Phobe 

Calibration  & Interface  Box 

Data  Mode  Box 

Module  Base 

Module  Cables 


Ion  Energy  Analyzer  (-l) 

Ion  Energy  Analyzer  (-2) 
Electrostatic  Analyzer 
90  Multichannel  Particle  Analyzer 
Total  Energy  Proton  Sensor  (-l) 

Total  Energy  Proton  Sensor  (-2) 
Angular  Distribution  Instrument,  3 
ADI  Power  Supply 
Penetrating  Radiation  Monitor 
Tri-Axis  Magnetometer 
TAM  Electronics 
Module  Base 

Module  Cables 

NiCad  Battery,  12  AH 
Battery  Dissipator 
Power  Control  Unit 
Pyro  Control  Unit 
Module  Base 
Module  Cables 


Pig.  5-59a  Low-Cost  SRS  Modules  (Shuttle-Launched) 
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VI 

I 

H 

■p- 

■P* 


Subsystem 

Module 

Equipment  in  Module 

Module  Weight  (lb) 

Communication , 
Data  Process., 
& Instrumen. 

Comm\inication 
& Data  Process- 
ing 

Command  Receiver 

Command  Decoder 

Primaiy  Timer 

Tape  Recorder 

Status  Commutator  (5  x 90) 

Experiment  Commutator  (5  x 90) 

Experiment  Commutator  (l  x 90) 

Experiment  Commutator  (lO  x 30) 

Voltage  Controlled  Oscillators,  4 

B1  Transmitter 

PM  Transmitter 

Diplexer 

RF  Switch 

Module  Base 

Module  Cables 

Basic  55.9 

15^  Cont . 8.4 

Total  64.3 

Stabiliza- 
tion & 
Control 

Stabilization 
& Control 

Earth  Horizon  Sensor,  2 

Earth  Horizon  Sensor  Electronics 

Solar  Aspect  Sensor 

SAS  Electronics 

Magnetic  Torquer  Electronics 

Module  Base 

Module  Cables 

Basic  27.3 

15^  Cont.  4.1 

Total  31.4 

Note:  Following  equipment  is  not  part  of  any  module 

Solar  Panel  (8  or  13) 

Spacecraft  Electrical  Harness 
VHP  Antenna  (s) 

Wobble  Damper 
Magnetic  Torquer  Coil 


and  is  mounted  directly  on  Spacecraft  structure; 

Spin  Motor  ( U) 

Despin  Motor  (4) 

Primary  Rocket  Motor 
Thermal  Insulation  and  Coatings 


1 lb  = .4536  kg 


Fig.  5“59b  Low-Cost  SRS  Modules  (Shuttle  Launched) 
(2  of  2) 
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Because  of  the  Ijumited  scope  of  effort  allocated  to  the  study  of  the  SRS,  no 
aLoempt  has  been  made  to  redesign  the  experiment  equipment.  The  equipment  has 
been  installed  into  the  lovf-cost  $RS  in  two  readily  removable  modules  shown  in 
Pigs.  5-60  and  5-6l.  These  spacious  modules  could  accommodate  additional  ex- 
periment equipment.  In  addition  there  are  two  unused  compartments  in  the  lov7- 
cost  SRS  which  could  be  used  for  the  installation  of  equipment  to  perform  other 
experiments ’compatible  with  the  HiGlo  experiment.  More  detail  concerning  the 
HiGlo  experiment  may  he  found  in  LMSC  Engineering  Memo  PE-4l. 

5.4.4.U  Stabilization  and  Control  Subsystem.  The  low-cost  SRS  is  a spin- 
stabilized  vehicle  and  the  Stabilization  and  Control  subsystem  has  the  follow- 
ing functions: 

• dan®  nutation  motion  induced  by  separation  from  the  launch  vehicle, 
spinup  and  despin,  and  the  burning  of  the  propulsion  rocket. 

• sense  the  orientation  of  the  vehicle  spin  axis  in  space. 

; 

® maintain  the  spin  axis  nomal  to  the  orbit  plane  which  rotates  at  one 
degree  per  day  In  inertial' space. 

The  Stabilization  and  Control  Subsystem  block  diagram  is  shown  in  Fig.  5-62. 
After  separation  from  the  Space  Shuttle  (or  Expendable  Booster)  the  SRS  is 
spun-up  to  a nominal  60  RRM  by  th^  firing  of  the  spin  rockets  to  provide  sta- 
bility of  the  propulsion  rocket  thrust  vector.  After  injection  of  the  SRS  in- 
to the  mission  orhit,  it  is  despun  to  a nominal  10  RRM  by  the  de-spin  rockets 
as  required  for  the  operation  of  the  experiment  sensors.  Mutation  damping  is 
obtained  from  liquid  mercury  in  a^  toroidal  tube . Attitude  sensing  for  read- 
out via  telemetry  is  provided  by  'a  pair  of  IR  earth  sensors  and  a digital  solar 
aspect  sensor.  Controlled  spin  axis  precession  is  provided  by  an  electromag- 
netic torquer  energized  by  command  in  response  to  roll  attitude  error  signals 
derived  from  the  earth  sensors.  The  torquer  coil  consists  of  100  turns  of  No. 
23  aluminum  wire  formed  into  a coil  of  approximately  ^ in.  (3*2  cm  ) cross 
section  enclosing  the  spacecraft  at  the  mid-plane.  The  nutation  damper  is 
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attached  directly  to  the  spacecraft  structiire  and  the  remaining  S&C  subsystem 
eqxdpment  is  installed  in  a readily-removahle  module.  Additional  details  of 
the  S&C  subsystem  and  supporting  analyses  are  contained  in  LMSC  Engineering 
Memo,  EE-ij-S. 

5. 4. 4. 5 Communications,  Data  Processing  and  Instrumentation  Subsystem.  The 
selected  CDPI  subsystem  design  is  shown  in  the  block  diagram  of  Fig.  ^-63. 
Experiment  data  is  sampled,  and  multiplexed  for  recording,  by  the  90''Point 
main  commutator  operating  at  a frame  rate  of  5 frames/sec  and  a 90-point  sub- 
commutator  operating  at  1 frame/sec.  The  output  PAM  data  rate  is  450  sps  and 
is  direct  recorded  onto  one  channel  of  the  tape  recorder.  Recording  time  up 
to  120  minutes  is  available  to  store  experiment  data  between  ground  station 
contacts.  Recorder  playback  is  at  a 6.3  kbps  rate  to  readout  a full  data  load 
in  7-5  minutes.  The  recorded  data  is  linearly  combined  with  the  realtime  ex- 
periment data  prior  to  modulation  of  the  transmitter.  The  real  time  experiment 
data  is  multiplexed  in  a eomimitator  operating  at  10  frames/sec  by  using  super 
commutation  for  the  4 channels  to  provide  a 60  sps  sampling  rate.  The  commu- 
tator output  rate  is  300  sps  and  is  FM  modulated  onto  TRIG  subcarrier  channel 
l4  by  the  VGO.  The  combined  baseband  output  of  the  tape  recorder  and  YCO  FM- 
modulates  a 1-watt  transmitter  for  transmission  via  a 136-137  MHz  dipole 
antenna. 

Spacecraft  status  data  is  multiplexed  by  the  60-point  Status  Commutator  opera- 
ting at  a frame  rate  of  5 frames/sec.  The  PAM  output  is  at  a rate  of  300  sps 
and  is  FM  modulated  onto  an  IRIG  CH  l4  VCO . The  Earth  Sensor  and  Solar  Aspect 
sensor  outputs  are  FM  modulated  onto  IRIG  CH  12  and  13,  respectively.  All 
three  VCO  outputs  are  linearly  summed  to  provide  a composite  baseband  to  mod- 
ulate the  0.5-watt  transmitter.  Phase  modulation  is  used  and  a low  modulation 
index  (~1.0  radian,  RMS)  is  selected  to  preserve  a carrier  component  in  the 
modulation  spectrum  for  tracking  by  the  ground  station  receivers.  The  trans- 
mitter output  is  isolated  from  the  command  receiver  by  means  of  the  diplexer 
and  allows  use  of  a common  dipole  antenna  for  status  telemetry  transmission 
and  command  reception. 
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The  command  receiver  operates  at  149-150  MHz  and  is  compatible  with  the  STADAW 
tone/digital  command  system.  The  digital  commands  consist  of  22  tits  with  the 
following  allocation: 


Sync  2 hits 

Satellite  address  5 

Command  address  3 

Function  hits  11 

Parity  1 


Total  22  hits 


The  command  decoder  performs  validity  checks  on  the  incoming  command  before 
execution.  These  checks  will  include  address,  message  length,  and  parity  cheek 
Command  outputs  are  in  the  form  of  relay  drivers  for  discrete  commands  and  digi' 
al  signals  for  updating  the  Primary  Timer.  The  Primary  Timer  provides  6 pre- 
programmed events  and  8 Orhit-Programmahle  events . 

EF  switches  between  the  transmitters  and  antennas  allow  hardline  checkout  of 
the  CDPI  Subsystem  by  the  Shuttle  checkout  console  prior  to  larach. 

All  the  equipment  of  the  CDPI  subsystem,  with  the  exception  of  the  two  VHP  an- 
tennas, is  installed  in  a single  readily-removable  module  to  minimize  cost  dur- 
ing development  and  testing  of  the  subsystem.  Additional  detail  concerning  the 
CDPI  subsystem  may  be  found  in  LMSC  Engineering  Memo  PE-43- 

5. 4. 4. 6 Electrical  Power  Subsystem.  The  Electrical  Power  Subsystem  of  the  low 
cost  SRS  as  configured  for  the  HiGlo  mission  provides  an  average  of  50  watts  of 
power  to  the  spacecraft  subsystems  and  the  experiment  equipment.  This  is  suf- 
ficient power  to  sustain  operation  of  experiment  equipment  approximately  50 
percent  of  the  time.  The  average  power  output  of  the  Electric  Power  subsystem 
may  easily  be  increased  to  approximately  100  watts  by  the  installation  of  more 
solar  ce3.1  panels  in  place  of  blank  skin  panels  and  the  installation  of  a sec- 
ond battery,  power  control  unit  and  battery  dissipator.  This  provision  for 
^T’owl.h  of  the  Electric  Power  subsystem  makes  possible  the  augmentation  of  the 
HiGlo  mission  or  the  addition  of  other  compatible  experiments  to  the  SRS. 
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The  major  equipments  for  the  SRS  Electrical  Power  Subsystem  are  shown  in  Pig. 
5-6if-.  A silicon  solar  cell  array  and  a nickel  cadmium  battery  supply  contin- 
uous power  to  the  system  loads  during  orbital  li^t  and  dark  periods,  respect- 
ively. The  power  system  provides  unregulated  dc  power  to  the  bus  supplying 
equipment  requirements.  Using  subsystems  and  equipment  condition  this  dc  power 
as  required  with  individual  power  supplies.  The  nominal  operating  unregulated 
bus  voltage  range  is  24.5  to  26.5  volts  with  a maximum  range  of  22.5  to  29.5 
volts. 

The  solar  cell  array  converts  solar  energy  to  electrical  energy.  The  array 
consists  of  8 panels,  one  on  each  of  the  ei^t  sides  of  the  hexagon  shaped  SRS, 
The  solar  cells  are  phosphorous  diffused  U on  P silicon  (2x2  cm),  12  mils 
(0.3  mm)  thick  with  20  mil  (0.5I  mm)  fused  silica  coverglasses. 

The  panel  planes  are  all  parallel  with  the  SRS  spin  axis  so  that  each  panel 
rotates  from  normal  to  the  sun  around  to  the  dark  side  of  the  satellite  and 
back  to  normal  to  sun  while  the  SRS  spins  at  10  RHM.  The  nominal  operating 
temperature  of  the  cells  in  the  sunlight  will  be  approximately  65°P  (291°K) 
and  the  panel  voltage  will  be  33  volts.  The  array  operating  voltage  range 
over  a complete  orbit  is  approximately  0 tO'  50  vdc. 

The  NiCd  battery  supplies  power  to  the  spacecraft  during  dark  periods  and  aids 
in  supplying  peak  loads  during  light  periods.  The  battery  supplies  power  at 

22.5  to  29.5  volts. 

The  power  control  unit  (PCU)  controls  input  and  output  of  the  battery  to  levels 
appropriate  for  the  temperature  and  voltage  of  the  battery. 

The  battery  dissipator  provides  for  discharging  the  batten  through  a set  of 
load  resistors  to  periodically  recondition  the  battery  by.  real  time  command. 

The  pyro  programmer  houses  the  control  relays  for  actuating  the  pyro  devices 
on  the  spacecraft,  and  provides  a safe/arm  receptacle  for  pyro  circuits. 
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Fig.  5-64  Low-Cost  SRS  Electrical  Power  Supply  Block  Diagram 
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All  of  the  equipment  of  the  Electrical  Power  subsystem,  with  the  exception  of 
the  solar  cell  panels  is  Installed  in  one  readily-removable  module  to  minimize 
development  and  testing  costs. 

The  solar  cell  panels  are  designed  to  minimize  cost.  They  are  all  identical  to 
simplify  manufacturing.  Also  the  substrate  is  low-cost  aluminum  sheet  stiffened 
with  standard  aluminum  extrusion.  The  cost  of  solar  cells  is  reduced  by  the  use 
of  the  lower  efficiency  cells  from  a production  lot. 

More  data  concerning  the  Electrical  Power  subsystem  is  contained  in  LMSC  En- 
gineering Memo  PE-44. 

5 .4. 4. 7 Propulsion  and  Attitude  Control  Subsystem.  The  SES  Propulsion  and 
Attitude  Control  subsystem  performs  two  basic  functions:  spin/despin  stabili- 

zation of  the  spacecraft,  and  propulsxon  of  the  vehicle  into  the  mission  orbit. 
Spin/despin  stabilization  is  accomplished  by  firing  tangentially  mounted  solid 
propellant  rocket  motors.  For  the  HiGlo  mission,  orbit  adjustment  is  accom- 
plished by  firing  a single  solid  propellant  rocket  motor  mounted  on  the  center 
line  of  the  spacecraft.  Provision  is  made  for  the  Installation  of  a second 
rocket  motor  if  additional  propulsion  is  required  for  an  alternate  mission. 

Each  solid  propellant  spin  motor  weighs  approximately  1 lb  (0.454  kg)  when  fully 
loaded  with  propellant  and  produces  83  lb-sec  (369.2  Ns)  total  impulse.  Total 
impulse  may  be  reduced  incrementally  to  50  lb-sec  (222.4  Ns)  by  off-loading 
rocket  motor  propellant  prior  to  launch  thereby  compensating  for  changes  in 
vehicle  wei^t,  moment  of  inertia  and  spin  rate. 

To  adjust  the  HiGlo  mission  orbit,  a single  solid  propellant  rocket  motor  is 
mounted  with  the  thrust  axis  directly  along  the  spin  axis  of  the  spacecraft . 

This  motor  wei^s  approximately  8l  lbs  (36  .'7  kg)  when  fully  loaded.  It  pro- 
duces a total  impulse  between  3,000  lb-sec  (13344  Ns)  and  17,000 -lb-sec  (76616 
Ns)  depending  on  how  much  propellant  is  off-loaded.  Therefore,  depending  on 
the  mission  orbit  required  and  the  wei^t  of  the  vehicle,  motor  performance 
may  be  tailored  by  off-loading  propellant . Off-loading  is  accomplished  by  the 
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rocket  manufacturer  "by  burning  propellant  until  only  the  required  total  impulse 
remains. 

The  -wide  range  of  impulse  available  from  the  spin  motors  and  the  primary  pro- 
pulsion mo4or  provides  for  growth  of  the  spacecraft  mass  and  inertia  and  for 
variations  in  .mission  orbit  requirements.  Additional  data  concerning  the  Pro- 
pulsion and  Attitude  Control  subsystem  Is  contained  in  LM3C  Engineering  Memo 
PS-I5, 

5.1{-.4.8  Environmental  Control  Subsystem.  Because  of  the  attitude  of  the  SRS 
in  orhit  and  the  large  surface  area  of  the  SRS  relative  to  the  quantity  of 
heat  dissipated  in  the  internal  equipment,  the  hulk  average  temperature  of  the 
spacecraft  will  be  relatively  low,  probably  between  0^  (255°K)  and  30°E  (272°K). 
Heaters  and  insulation  will  be  required  to  maintain  the  battery  at  the  desired 
temperature  of  32  E (273  K) , The  ends  of  the  spacecraft,  which  are  always  par- 
allel to  the  orhit  plane  - sun -line,  will  be  insulated  with  1 in.  (2.5^  cm) 
thick  blankets  of  multilayer  insu*^ation.  All  interior  surfaces  will  be  bright 
aluminum  and  all  plain  skin  panel^s  will  be  finished  externally  to  have  hi^ 
a/ e surfaces • Additional  discussion  of  the  thermal  control  requirements  of 
the  SRS  is  contained  in  LMSC  Engineering  Memo  EE -46. 

5. 4. 4. 9 Summary  of  Weights  for  Low-Cost  SBS . The  Shuttle -launched  SRS  weight 

summary  by  subsystem  is  shown  in  Fig.  5-65 • The  total  weight,  including  I5 
percent  contingency,  is  69?  Ih  (3l6.2  kg)  and  compares  with  the  weight  of  the 
Corrected  Baseline  SRS,  317  Ih  (l43.8  kg).  Figures  5-55a  through  5~55fj  shown 
previously,  show  the  detailed  weight  breakdown  of  four  configurations  of  the 
SRS:  the  Initial  Baseline,  the  Corrected  Baseline,  the  Low-Cost  (Expendable 

Booster)  and  the  Low-Cost  (ShuttjLe  Booster). 

5.4.4.10  Reliability.  A comparison  of  the  reliability  predictions  fca?  the 
Corrected  Baseline  SRS  and  the  Low-Cost  SRS  ( Shuttle -launched)  is  shown  in 
Fig.  5-66.  They  are  seen  to  be  nearly  equal  as  required  by  the  study  ground 
lules.  However,  further  analysis  may  result  in  lowering  the  reliability  re- 
quirements for  the  Shuttle-launched  SRS  when  consideration  is  given  to  the 

abort  and  in-orbit  checkout  capability  of  the  Shuttle. 

1' 
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Subsystem 

Corrected 
Baseline  SRS 
(lbs) 

Low-Cost  SRS 
Without  Contingency 
(lbs) 

^ow-Cost  SRS 
With  Contingency 
(lbs) 

Experiment  Installation 

55.7 

82.3 

94,6 

Electrical  Power  Subsystem 

99.8 

144.9 

166.6 

Communication,  Data  Processing 
& Instrumentation  Subsystem 

61.4 

57.4 

66.0 

Stabilization  & Control 
Subsystem 

26.3 

53.3 

61.3 

Propulsion  & Attitude 
Control  Subsystem 

27.0 

48.0 

55.2 

Structure  & Mechanisms 
Subsystem 

40.3 

180.2 

207.3 

Environmental  Control 
Subsystem 

6.4 

4o.o 

46,0 

Total  Payload  Weight 

316.9 

606 .1 

697.0 

* Including  wei^t  contingency  of  approx.  15^^. 
1 It  = 0,4536  kg 


Fig.  5-65  Wei^t  Summary  - Low-Cost  SRS  - Shuttle-Launched 
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Environmental  Control 


Communications,  Data  Processing 
& Instrumentation 


Electrical  Power 


Stabilization  & Control 


Propulsion  & Attitude  Control 


Experiment  Installation 


Payload  Total 


Pig.  5-66 


Corrected 
Baseline 
_ SRS 

Low-Cost  SRS 
Shuttle -Launched 

.9985 

.9985 

-.999^ 

.9994 

.952 

.8777 

• 9077 

.9381 

.987 

.9532 

.9139 

.9139 

.8247 

.8247 

.6408 

.5903 
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5-^.5  Expendable -Laimched  SRS  Ferformajice  and  Design  Requirements 

The  low-cost  e3i5)endable-launched  SRS  is  designed  to  be  laomched  by  expendable 
launch  vehicles;  the  Atlas/Burner  II  or  the  3-Segment  SRM/Titan  Core  Il/Agena. 

The  basic  mission  operations  plan  for  the  use  of  the  low-cost  expendable-launch© 
SRS  in  the  performance  of  the  HiGlo  ejqperiment  mission  requires  that  two  vehicle 
be  launched  from  a single  booster . The  designated  boosters  provide  much  excess 
payload  capability  [approximately  2500  lbs  (ll3^  Rg) ] for  this  mission,  and 
could  place  4 vehicles  into  orbit . Two  of  these  could  be  configured  for  another 
mission. 

5.4.6  Low-Cost  Expendable -Launched  SRS  Configoration 

The  general  configuration  of  the  low-cost  expendable -launched  SRS  is  the  same 
as  that  of  the  low-cost  Shuttle -laTonched  SRS.  The  expendable-launched  SRS  is 
derived  from  the  Shuttle -launched  SRS  by  the  addition  and  deletion  of  equipment 
as  shown  in  Fig.  5-67.  Most  of  the  subsystem  equipment  is  installed  in  readlly- 
removable  modules  as  detailed  in  Figs.  5-6^,  5-68b,  and  5-68c. 

5.4.7  Description  of  Low-Cost  SRS  (Expendable-Launched) 

5. 4. 7.1  Subsystems  of  the  SRS.  The  descriptions  of  the  Shuttle-launched  SRS 
subsystems  are,  in  general,  applicable  to  the  expendable -launched  SRS  subsys- 
tems and  will  not  be  repeated.  Only  the  differences  between  the  subsystems  of 
the  expendable-launched  SRS  and  those  of  the  Shuttle -launched  SRS  will  be  des- 
cribed. 


5. 4. 7. 2 Stabilization  and  Control  Subsystem  (S&C).  The  subsystem  is  augmen- 
ted hy  an  Auxiliary  Fli^t  Control  Electronics  unit  to  provide  backup  to  the 
primary  attitude  sensing  equipment  and  to  increase  confidence  in  the  success 
of  the  mis.sion;  since  the  confidence  provided  by  in-orbxt  checkout  prior  to 
launch  afforded  by  the  Shuttle  is  not  available.  The  Auxiliary  Flight  Control 
Electronics  unit  is’  described  in  more  detail  in  LiyKC  Engineering  Memorandum 
FE-42. 
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ADDED 


DELETED 


Electrical  Power  Subsystem 


1 mCd  Battery,  12  AH 
1 Battery  Dissipator 
1 Power  Control  Unit 


CotBmunication,  Data  Processing,  & 

Instrumentation  Subsystem 

1 Command  Receiver  2 RE  Switches 

1 Tape  Recorder 


Stahilization  & Control  Subsystem 

1 Auxiliary  Plight  Control 
Electronics 


Fig.  5-67  Equipment  Changes  to  Shuttle -Launched  SRS  for  Expendable -Launched  SRS 
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Subsystem 

Module 

Equipment  in  Module 

Module  Weight  (lb) 

Experiment 

Installation 

Experiment 
No.  1 

Ion  Energy  Analyzer  (-l) 

Ion  Energy  Analyzer  (-2) 

Epithermal  Electron  Analyzer  (-l) 

Epithermal  Electron  Analyzer  (-2),  2 

Cylindrical  Langmuir  Probe 

0°  Multichannel  Particle  Analyzer 

55  Multichannel  Particle  Analyzer 

Proton  hydrogen  Analyzer 

Electric  Field  Probe 

Calibration  8c  Interface  Box 

Data  Mode  Box 

Module  Base 

Module  Cables 

Basic  37.4 

15^  Cont.  5.6 

Total  43.0 

Experiment 

Installation 

Experiment 
No.  2 

Ion  Energy  Analyzer  (-l) 

Ion  Energy  Analyzer  (-2) 
Electrostatic  Analyzer 
90®  Multichannel  Particle  Analyzer 
Total  Energy  Proton  Sensor  (-l) 
Total  Energy  Proton  Sensor  (-2) 
Angular  Disttribution  Instrument,  3 
ADI  Power  Supply 
Penetrating  Radiation  Monitor 
Tri-Axis  Magnetometer 
TAM  Electronics 
Module  Base 
Modiile  Cables 
1 

Basic  44.9 

15^  Cont.  6.7 

Total  51.6 

1 lb  = 0.4536  kg 


Fig.  5 -68a  Low-Cost  SRS  Modules  (Expendable -Launched)  (l  of  3) 
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Subsystem 

Module 

Equipment  in  Module 

Module  Weight  (lb) 

Electrical 

Electrical 

Power 

NiCad  Batteiy,  12  AH,  2 
Battery  Dissipator,  2 
Power  Control  Unit,  2 
Pyro  Control  Unit 
Module  Base 
Module  Cables 

Basic  91.6 

15i  Cent.  13.7 

Total  105.3 

Communication, 
Data  Process., 
& Instrumen. 

Communication 
& Data 
Processing 

Command  Receiver,  2 
Command  Decoder 
Primary  Timer 
Tape  Recorder,  2 
Status  Commutator  (5x90) 
Experiment  Commutator  (5x90) 
Experiment  Commutator  (lx90) 
Experiment  Commutator  (l0x30) 
Voltage  Controlled  Oscillators, 

4 

E4  Transmitter 
EM  Transmitter 
Diplexer 
Module  Base 
Module  Cables 

Basic  66 .0 

15/9  ■ 9-9 

Total  75.9 

- , 

Pig,  5-68b  Low-Cost  SES  Modules  (Expendable -Launched)  (2  of  3) 
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Subsystem 

Module 

Equipment  in  Module 

Module  Weight  (lb) 

Stabilization 
& Control 

Stabilization 
& Control 

Earth  Horizon  Sensor,  2 

Earth  Horizon  Sensor  Electronics 

Solar  Aspect  Sensor 

SAS  Electronics 

Magnetic  Torquer  Electronics 

Auxiliary  Plight  Control  Electronics 

Module  Base 

Module  Cables 

Basic  29.3 

13%  Cont.  4.4 

Total  33.7 

Note:  Following  equipment  is  not  part  of  any  module  and  is  mounted  directly  on  Spacecraft 

structure 


Solar  Panel  (8  or  13 ) 

Spacecraft  Electrical  Harness 
VHP  Antenna  (2) 

Wobble  Damper 
Magnetic  Torquer  Coil 
Spin  Motor  (4) 

Despin  Motor  (4) 

Primary  Rocket  Motor 
Thermal  Insulation  and  Coatings 


Pig.  5“68c  Low-Cost  SES  Modules  (Expendable-Launched)  (3  of  3) 
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5. 4. 7. 3 Cosimunication,  Data  Processing.,  and  Instrument  at  ion  Subsystem  (CDEE)  . 
The  subsystem  is  augmented  by  the  addition  of  a second  command  receiver  and  a 
second  tape  recorder  to  provide  redundancy  for  the  vital  functions  of  command 
reception  and  data  recording,  and  to  increase  confidence  in  the  success  of  the 
mission.  Precedent  for  these  rediondancies  was  established  by  the  corrected- 
Baseline  SRS. 

The  EF  switches  included  in  the  CDPI  subsystem  of  the  Shuttle -launched  SRS 
have  been  deleted  since  their  function,  to  provide  for  checkout  in  the  Shuttle 
cargo  bay,  is  not  applicable. 

5. 4. 7. 4 Electrical  Power  Subsystem.  The  subsystem  is  augmented  by  the  addi- 
tion of  a second  battery,  power  control  unit,  and  battery  dxssipator  to  pro- 
vide redundancy  of  energy  storage  equipment,  as  in  the  Corrected  Baseline  SRS, 
and  .greater  confidence  in  mission  success, 

5. 4. 7. 5 Weight  Summary  of  the  Bow-Cost  SRS  (Expendable-Launched) . The  wei^t 
of  the  low-cost  expendable-launched  SRS,  by  subsystem,  is  shown  in  Fig.  5-69. 
Detailed  wei^ts  of  the  Initial  Baseline  SRS,  the  Corrected  Baseline  SRS,  the 
low-Cost  E35pendable -Launched  SRS,  and  the  Low-Cost  Shuttle -Launched  SRS  may  be 
found  in  Figs.  5-55a  throng  5-55f  • 

5.i(..7.6  Reliability.  Predicted  reliability  of  the  low-cost  expendable -launched 
SRS  subsystems  is  shown  in  Pig.  5-70.  The  predicted  reliability  of  the  correc- 
ted baseline  SRS  subsystems  is  shown  for  comparison. 
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Subsystem 

Corrected 
Baseline  SRS 
(ihs) 

Low-Cost  SRS 
Without  Contingency 
(IDs) 

*Low-Cost  SRS 
With  Contingency 
(lbs) 

Experiment  Installation 

55.7 

82.3 

94.6 

Electrical  Power  Subsystem 

99.8 

182.9 

210.3 

Communication,  Data  Processing, 
& Inst.  Subsystem 

61.4 

67.5 

77.6 

Stabilization  & Control  Subsystem 

26,3 

55.3 

63.6 

Propulsion  & Attitude 
Control  Subsystem 

27.0 

48.0 

55.2 

Structure  & Mechanisms 
Subsystem 

4o.3 

180.2 

207.3 

Environmental  Control  Subsystem 

6.4 

4o.o 

46.0 

Total  Payload  Weight 

316.9 

656.2 

754.6 

* Including  weight  contingency  of 
approximately  15^ 

1 lb  = 0.4536  kg 


Pig.  5-69  Weight  Summary  - Low-Cost  SRS  - Expendable  Launched 
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Subsystem 


Structure  & Mechanisms 

Environmental  Control 

Coimrunication,  Data  Processing 
& Instrumentation 

Electrical  Pcwer 
Stabilization  St  Control 
Propulsion  & Attitude  Control 
Experiment  Installation 


Payload  Total 


Corrected 
Baseline  SRS 


Lo^r-Cost  SBS 
Expendable-Launched 


.9985 

.9985 

.939^ 

.9994 

.952 

.9250 

,9077 

.9570 

.986 

.9860 

.9139 

.9139 

.8247 

.8247 

,64o8 

.6565 

- Expendable “launched  SRS 
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Section  6 

PROGRAM  TLAUS  AM)  COSCS  POP  LOW-COST  PAPLOAD  SPSCEMS 


This  section  siiimiiarizes  the  program  planning  and  costing  approach  used  during 
the  Payload  Effects  Analysis  Study  to  estimate  costs  of  the  low  cost  designs 
and  documents  the  resulting  plans  and  costs. 

The  payloads  selected  for  analysis  -were  the  OAO-B,  SEO,  MO  and  SRS.  Eollowing 
the  ICTi'T-cost  redesign  of  OAO-B,  the  planning  and  cost  estimating  was  completed.^ 
Review  of  the  results  by  MSA  indicated  the  desirability  of  examining  the  base- 
line costs  in  more  detail.  It  was  agreed  that  the  baseline  OAO-B  and  SEO  would 
be  recosted  using  the  same  basis  as  the  low-cost  OAO-B  and  SEO  were  costed. 

This  was  accomplished  following  the  planning  and  costing  of  the  SEO,  Time  lim- 
itations coupled  with  this  new  recosting  task  led  to  the  elimination  of  the  WD 
from  consideration.  Following  the  baseline  recosting,  the  low-cost  SRS  plan  , 
and  costs  were  developed.  Changes  to  the  baseline  SRS  design  resulted  in  ad- 
justment of  the  baseline  costs;  however,  the  baseline  was  not  recosted  as  there 
were  sufficient  data  available  for  ecmparison  of  SRS  configurations. 

The  groundrules  and  assunrptlons  used  for  developing  the  program  plans  and  costs 
axe  summarized  for  OAO-B,  SEO  and  SRS,  and  the  planning,  estimating  and  costing 
approaches  axe  described.  The  development  hardware  is  described  and  summarized 
^y  payload  program.  As  testing  is  a major  cost  contributor,  the  overall  testing 
approach  is  discussed  and  the  general  requirements  for  payload  support  equipment 
are  summarized.  A general  summary  of  payload  cost  reduction  techniques  found 
during  the  study  is  provided. 

The  development  plans  for  each  of  the  payloads,  groundrules  for  recosting  the 
baselines  anjd  program  costs  are  summarized.  The  costs  for  each  payload  and 
for  each  laimch  configuration  are  compared  and,  finally,  the  results  are  analyzed 
and  the  cost  impact  of  the  advanced  transportation  systems  is  examined. 

t * 

i 
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Following  acoxanilation  of  the  costs  of  the  payloads  and  their  subsystems,  the 
specific  cost-in^iacting  payload  effects  were  analyzed.  Cost  drivers  such  as 
mass  and  volume  effects,  modular  construction,  use  of  simpler  components  and 
lowered  reliability  requirements  were  identified  and  quantified.  Unit  payload 
cost  was  shown  to  have  a sizable  impact  on  the  cost  of  development  and  quali- 
fication test  hardware  which  in  turn  impacted  overall  KDT&E  costs.  For  example, 
on  OAO-B,  a total  program  savings  of  16  percent  in  unit  cost  contributed  to  an 
EStD  hardware  and  test  savings  of  57  percent.  Similar  savings  were  apparent  in 
SEO  and  SRS.  Savings  afforded  by  Shuttle  when  compared  to  LCE  were  also  iden- 
tified in  a similar  manner. 

Application  of  1970  technology  had  a major  effect  upon  the  costs  of  the  OAO-B 
amounting  to  16.8  percent  of  EDT&E  cost  savings  and  20  percent  of  unit  cost 
savings.  This  effect  was  separated  from  the  OAO  and  the  results  compared  with 
SEO  with  excellent  correlation.  The  results  indicated  that,  without  applying 
new  technology,  savings  of  about  30  percent  were  possible  due  to  the  other  pay- 
load  effects  afforded  by  Space  Shuttle,  exclusive  of  refurbishment. 

An  analysis,  of  the  overall  impact  of  payload  refurbishment  upon  total  payload 
program  costs  indicated  that  the  capability  offered  by  Space  Strut tle/Space  Tug 
to  retrieve  payloads  from  orbit  for  refurbishment  was  the  major  savings  offered 
by  introduction  of  new  space  transportation  systems.  This  analysis,  which  com- 
pared the  costs  of  Shuttle -launched  and  LCE-launched  payloads,  normalized  such 
payload  effects  as  weight  and  volume  and  1970  technology.  The  results  showed 
an  approximate  savings  of  50  percent  in  the  cost  of  space  programs  (5I  percent 
on  OAO  and  50  percent  on  SEO) . 
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6.1  GROUITOEULES  AHD  ASSUMPi’IOMS 


The  groimdrules  and  assimiptions  used  in  developing  the  program  plans  and  in 
estimating  costs  are  summarized.  The  general  approach  used  on  OAO-B  and  SEO 
are  consistent  with  current  NASA/DOD  program  guidelines.  To  maintain  similar- 
ity to  the  overall  P-11  approach,  i.e.,  low-cost  and  quiet;  response,  variation 
in  groundrules  was  introduced  for  the  SRS.  These  changes  are  also  described. 

6.1.1  OAO-B 

The  following  assxuaptions  and  guidelines  were  used  in  developing  the  plans  and 
costs  for  the  low-cost  OAO-B: 

s Pli^t  objectives  and  general  development  approach  for  the  OAO-B 
are  maintained  constant. 

e MSA  Phased  Project  Planning  Guidelines  (ifHE  7121.2)  apply.  The 
planned  program  starts  with  initiation  of  Phase  B.  There  will  he 
a six-month  evaluation,  proposal  and  award  period  between  Phases 
B and  C,  and  a three-month  period  between  Phases  C and  B. 

e The  operational  orbital  lifetime  is  one  year. 

e The  basis  for  detailed  design,  plans  and  cost  is  the  Space  Shuttle- 
launched  configuration.  Differences  in  costs  are  summarized  for  the 
alternate  expendable  laxmeh  systems,  the  Titan  TIII-B2  and  the  SLV- 
3C/Centaur. 

• A prime  aerospace  contractor  will  he  selected  by  MSA  to  conduct 
the  program  under  direction  of  a MSA  program  office,  MSA  will 
maintain  overall  project  management  responsibility.  Prime  contrac- 
tor fee  is  not  included  in  overall  costs. 


6-3 


LOCKHEED  MISSILES  8t  SPACE  COMPANY 


LMSC-A990556 


® Present  MSA/POD  and  industry  approaches  to  aerospace  program  man- 
agement will  he  followed. 

9 Plans,  estimating  approaches  and  cost  breakdowns  should  he  compar- 
ahle  to  the  baseline  OAO  program. 

® GPE  facilities  and  services  for  OAO  include  launch  vehicles,  shrouds, 
shuttle  adapters,  MSA  launch  services,  the  GSFC  OAO  Control  Center, 

STADAU  facilities,  MSCOM  communications  network  and  the  GSFC  oper- 
ational computer  systems.  These  are  no-cost  items, 

© Advantage  is  taken  of  I97O  state-of-the-art.  In  order  to  provide  com- 
parability, a total  program  from  concept  through  flight  has  been 
planned.  Use  of  OAO  -unique  designs  was  avoided  unless  such  designs 
are  now  generally  available  to  the  industry. 

® All  new  developments  -undergo  qualification  testing.  Qualified  off- 
the-shelf  components  developed  for  other  space  program  applications 
will  not  require  certification.  Limited  development  testing  of  the 
new  designs  is  planned.  Reliability  testing  is  included  for  all  con- 
figurations . 

® A single  flight  payload  will  be  delivered. 

« Cost  of  module/spacecraft  refurbishment  is  not  included. 

0 A qualification  test  vehicle  (QIV)  will  be  assembled  and  used  during 
the  development  phases.  For  the  shuttle  program,  qualification  test- 
ing culminates  in  a sortie  flight  of  the  QTV.  Costs  for  the  sortie 
fli^t  are  included  in  the  RDTStE  phase.  The  Q3?V  will  be  made  as  a 
flight  equivalent  of  the  Fli^t  Test  Vehicle  (ITV)  and  can  serve  as 
a backup  ITV  and  as  a source  of  spares  for  orbital  maintenance  and 
refurbishment.  Shuttle  sortie  costs  are  $3  million. 
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« Two  sets  of  standard  automatic  checkout  equipment,  separately  devel- 
oped, including  standardized  software,  will  be  available  for  ground 
and  shuttle  use.  Program  peculiar  software  costs  are  borne  by  the_ 
program.  A use  charge  of  $2.1  million  each  for  two  sets  of  equip- 
ment and  associated  common  software  is  charged  to  the  program. 

® The  contractor  has  complete  test  facilities  available  for  the  low- 
cost  OAO-B/Shuttle  program.  Costs  included  are  equivalent  to  govern- 
ment costs  for  providing  ITASA  facilities  as  G-FE. 

® Planning,  management  and  reporting  are  consistent  with  current  MSA 
practice  for  unmanned  R&D  space  missions.  Essential  quality  assur- 
ance inspection  or  test  has  been  included.  The  provisions  of  EHB 
5300.4  (1  ASB)  have  heen  adhered  to. 


6.1.2  SEP 

The  assumptions  and  guidelines  used  in  developing  the  plans  and  costs  for  the 
low-cost  OAO-B  pertain  to  SEP  plans  and  costs  except  as  noted: 

® The  development  approach  for  the  SEP  is  maintained,  where  possible, 
consistent  with  Lunar  Orbiter. 

® The  planned  SEP  program  starts  with  initiation  of  Phase  B.  There 
will  he  a six-month  evaluation,  proposal  and  award  period  between 
Phases  B and  C,  and  a combined  Phase  C/D. 

® The  operational  orbital  lifetime  is  two  years  nominally.  Program 
duration  is  greater  than  two  years. 

® The  basis  for  detailed  design,  plans  and  cost  is  the  Space  Shuttle/ 
Space  Tug  launched  configuration.  Differences  in  costs  are  summar- 
ized for  the  alternate  expendable  launch  system,  the  Titan  HID/ 

I 

Centaur . 
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® Plans,  estimating  approaches  and  cost  breakdovms  should  he  corapar- 
able  to  the  baseline  SEO  program  and  to  the  Lunar  Orbiter. 

• Five  flight  payloads  and  two  sets  of  non-redundant  spare  modules 
will  be  delivered.  The  fifth  payload  will  serve  as  backup  to  Eo,  4 
and  as  the  initial  replacement  spacecraft. 

© As  with  Lunar  Orbiter,  a subcontractor  will  develop  the  photo  pay-  . 
load;  subcontractor  costs  have  been  estimated.  A 7 percent  subcon- 
tractor fee  was  included. 

« A Development  Test  Vehicle  (DTV)  will  be  assembled  and  used  during 
the  development  phase.  The  DTV  will  be  modified  and  updated  to  flight 
configuration  for  qualification  testing,  training  and  operational 
readiness  demonstration  (OED)  as  a Qualification  Test  Vehicle  (QTV)  . 

A shuttle-sortie  test  flight  is  not  required  for  SEO. 

© Each  initial  laiinch  spacecraft  will  be  backed  up  by  the  next  space- 
craft which  shall  be  in  flight  ready  status. 

o Four  sets  of  standard  automatic  checkout  equipment,  separately  de- 
veloped, including  standardized  software,'  will  be  available  for 
ground  and  Shuttle  use.  Prograia  peculiar  software  costs  are  borne 
by  the  program.  A use  charge  of  $1.6  million  each  for  four  sets  of 
equipment  and  associated  common  software  is  charged  to  the  program. 


6.1.3  SRS 


The  following  assumptions  and  groundrules  were  used  in  developing  the  SRS  pro- 
gram plans  and  costs: 

o The  objectives  of  the  AEPA  HIGLO ‘ experiment  are  retained.  A minimum 
of  two  years'  continuous  orbital  observation  is  planned. 
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o I’o'ur  flight  spacecraft  -will  he  delivered,  Nominal  individual  payload 
lifetime  is  estimated  at  6 months, 

® The  basic  approaches  used  in  developing  and  operating  the  P-11  suh- 
satellite  will  he  follovred.  The  program  is  experimental  and  of  a 
quick-response  nature . 

8 A prime  aerospace  contractor  will  he, selected  to  conduct  the  program 
under  the  overall  direction  of  a government  program  office.  Close 
government/ contractor  liaison  hy  direct  government  participation  at 
the  contractor’s  facility  is  assumed. 

9 The  span  from  go-ahead  to  first  deployment  will  he  2 years. 

® MSA-phased  Project  Planning  Guidelines  are  not  generally  applied. 
Program  will  start  with  award.  A conceptual  design  review  will  he 
held  at  earliest  practicable  date.  Procurement  of  long-lead  mater- 
ials and  components  will  he  initiated  following  approval  of  the  ini- 
tial program  (Part  l)  specifications  and  the  advanced  material  re- 
quirements (AMR)  documents . 

9 A hard  mockup  will  he  built  as  an  engineering  tool  and  aid  to  manu- 
facturing planning  and  tool  design. 

• There  will  he  no  structural  test  article  (STA),  development  test  ve- 
hicle (DTV)  nor  qualification  test  vehicle  (QTV)  for  Shuttle  appli- 
cation. The  first  production  vehicle  will  he  used  for  qualification 
and  reliability  testing.  This  vehicle  will  be  reworked  to  serve  as 
the  fourth  flight  spacecraft.  The  second  production  vehicle  (ITV) 
will  he  the  first  delivered  for  launch.  For  the  ACE/LCE,  a ^TV  wiil 
he  developed  and  can  serve  as  flight  backup, 

« All  flight  spacecraft  will  undergo  comprehensive  acceptance  testing 
Including  magnetic  cleanliness,  anechoic,  thermal-vacuum  and  acoustic 
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tests.  All  fli^t  spacecraft  -will  be  spin-balanced  with  dummy  pyro- 
technics installed.  Installation  of  ordnance  units  will  be  accom- 
plished at  the  launch  base. 

Tli^t  escperiment  packages  will  be  delivered  prior  to  completion  of 
final  assembly  of  individual  spacecraft. 

All  essential  quality  assurance  testing  and  inspection  will  be 
accomplished. 

Formal  documentation  will  be  minimized  and  deliverable  documentation 
is  summarized  below: 

Monthly  technical  progress  and  financial  management 
reports  in  one  package 

Part  I and  Part  II  (Hardware,  Software  and  Interface) 
Specifications 

Test  procedures,  reports  and  summaries 

Acceptance  Data  Package  (As-built  drawings  and  support- 
ing design  data) 

Interface  and  Compatibility  Test  Specifications, 

Procedure  and  Eeport 

Launch  and  Flight  Operations  Procedures 

Drawing  release  and  configuration  management  procedures  will  be  . 
consistent  with  LMSC  Procedure  E-229  dtd  5-l^-?0  which  has  been  suc- 
cessfully applied  to  the  P-11  Program. 

Eefurbishment  is  not  required  and  co^ts  are  not  included. 

The  following  equipment,  services  and  facilities  are  to  be  government- 
furnished  and  costs  are  not  shown  in  the  SES  program  cost  summaries: 
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Government  program  office  expense 

La-unch  Vehicles  - Shuttle,  LCS  or  ACE 

Expendable  launch  vehicle  shrouds 

Shuttle/Pajrload  Adapter  and  Interface  Equipment 

Shuttle  On-Board  Checkout  Equipment;  one  set  of 
equipment  will  be  provided  for  use  at  the  Contractor's 
facility  for  final  acceptance  testing  and  for  interface 
verification 

Latmch  and  Mission  Operations  Services 
Launch  facilities 

Tracking  8s  Data  Acquisition,  Mission  Control  and 
Network  communications 

Experiment  Package 

© A minimum  sized  program  office  will  ie  maintained  for  2 years  follow 
ing  launch  to  provide  support  to  the  government  for  mission  opera- 
tions. 

® Learning  curve  will  not  be  applied  to  unit  cost.  First  unit  cost  = 
Average  Unit  Cost. 

0 Payload  Effects  have  not  been  applied  to  the  experiments.  Costs  for 
experiments  included  in  the  summary  are  the  same  as  the  baseline. 

6.2  GENERAL  PLAEimG  A3ffl)  COgTIHG  APPROACH 

Based  upon  groundrules  and  assumptions  summarized  in  Section  6.1,  an  overall 
program  plan  from  program  initiation  throu^  launch,  was  developed  for  each 
design.  Design  and  performance  specifications,  drawings,  parts  lists,  relia- 
bility estimates  and  wei^t  summaries  were  provided  by  the  low-cost  design  ac- 
tivity. "Bottom-up"  cost  estimates  were  completed.  Resulting  costs  are  con- 
sidered to  be  typical  for  the  general  aerospace  industry  using  1970  dollars 
and  rates.  The  general  approach  used  consisted  of  analyzing  the  design  data, 
defining  elements  of  work  to  be  accomplished,  estimating  labor  and  material 
required,  scheduling  work  to  be  accomplished  and  applying  typical  dollar  rates 
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to  determine  final  cost  estimates,  including  direct  and  burden  costs.  These 
costs,  in  t\irn,  were  spread  by  subsystem  and  compared  with  the  previous  para- 
metric cost  targets.  Costs  were  also  compared  by  ratio  with  current  LMSC  pro- 
grams of  equivalent  magnitude  and  complexity  to  evaluate  the  results.  Finally, 
the  results  were  audited  by  financial  analysts  and  reviewed  by  management. 

Significant  cost  drivers  affecting  each  design  planned  and  costed  include  the 
need  for  development  hardware,  the  test  planning  approach  employed,  and  the 
assumptions  concerning  ground  support  equipment.  Included  in  this  section  is 
a general  discussion  of  the  assumptions  utilized  in  this  Study  concerning  each 
of  these  cost  affecting  parameters.  Also  the  costing  and  estimating  approach 
utilized  is  described. 

6.2.1  General  Planning  Information  for  Development  Hardware 

The  equipment  used  on  the  low-cost  payloads  is  a mixture  of  new  developments _ 
and  off-the-shelf  equipment.  Depending  on  the  item's  design  maturity  and  ap- 
plication to  the  mission,  specific  developments  will  be  required  to  achieve 
flight  status.  During  the  development  process,  the  new-development  items  will 
evolve  from  breadboards  for  new  developments,  through  engineering  Development 
Test  Units  (DTU)  to  flight-type  prototsrpes  which  are  high^  representative  of 
anticipated  deliverable  equipment.  Althou^  individual  items  may  start  at  any 
point  in  the  development  process,  they  will  all  achieve  prototype  status  before 
assembly  into  a Qualification  Test  Vehicle  (^V). 

Quality  verification  is  applicable  to  prototype  equipments  and  includes  these 
product  assurance  and  quality  control  functions  that  are  to  be  used  for  deliver- 
able equipments.  However,  during  development,  the  resolution  of  quality  in- 
fractions is  a function  of  engineering  Judgment  rather  than  formal  review  pro- 
cedures. During  design  development,  prior  to  such  quality  verification,  engin- 
eering disclosure  for  breadboards  and  DTUs  are  locally  controlled  by  engineer- 
ing through  a release  and  change  control  system.  Upon  design  approval,,  the 
engineering  disclosure  is  brought  up-to-date  and  released  into  a rapid-response 
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control  system.  The  DTUs  are  then  •upgraded  to  prototype  status  and  quality 
verification  performed.  Prototype  equipments  are  used  for  design  certifica- 
tion. 

The  conservative  design  approach  permits  early  commitment  to  final  packaging 
because  subsequent  design  changes  resulting  from  development  testing  can  be 
implemented  without  significant  changes  in  the  eqiiipment  or  without  destrqying 
the  validity  of  pre'vdous  testing.  Because  of  this  approach,  evolutionary, up- 
grading is  practical  -without  significant  scrapping  of  developing  hardware,  and 
the  Q|EV  will  be  equivalent  to  the  fli^t-type  vehicle  (PTV).  Throughout  the 
development  program,  operations  conducted  and  procedures  used  will  be  similar 
to  the  activities  planned  for  use  on  deliverable  equipment  to  provide  exper- 
ience and  training  prior  to  exposing  deliverable  equipment  to  potentially  dam- 
aging conditions. 

Upon  completion  of  the  development  program,  other  uses  of  the  QSTV  or  its  equip- 
ments can  be  planned.  Depending  upon  the  results  of  development  testing,  many 
of  the  equipment  may  be  usable  as  spares,  and  the  QTV  could  be  used  as  a backup 
to  the  STVa  Specific  determination  cannot  be  made  until  the  amoxint  of  testing, 
rework,  and,  quality  of  the  individual  items  is  known.  However,  the  Q[FV  will 
represent  a significant  resource  to  the  overall  program  in  the  form  of  spare 
parts,  etc.' 

Because  SEO  approaches  a production-type  program,  a formal  qualification  pro- 
gram-will be  used  to  certify  conponent  and  system  assemblies.  Therefore,  the 
set  of  component  DTUs  used  for  development  will  be  specified  to  assemble  the 
Development  Test  Vehicle  (DTV),  After  system  development  the  ITV  -(^ill  be  up- 
graded by  prototype  cotrponents  into  a Qualification  Test  Vehicle  (OEV). 

The  will  be  qualification  tested  throu^  a series  of  functional  and  en- 
vironmental tests  representing  mission  conditions.  Subsequent  to  qualifica- 
tion, the  QTV  -will  be  used  for  ground  simulation  and  operation  training  and 
for  operational  readiness  demonstrations  (OED).  On  SRS,  the  QTV  is  modified 
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and  updated  as  the  ifth  ITV  for  an  additional  cost-saving  approach.  A summary 
of  fli^t  and  development  hardware  for  all  Icrw-cost  programs  and  for  the  base- 
line OAO-B  and  SEO  is  provided  in  Fig.  6-1. 

6,2.2  Testing  and  Test  Planning  Axyproach 

Development,  qualification,  reliability  and  acceptance  testing  represent  be- 
tween 25  and  40  percent  of  total  program  costs.  New  design  concepts  and  test 
philosophies  affecting  testing  can  contribute  materially  to  program  cost  re- 
duction. As  an  example,  by  relieving  weight  constraints,  structural  design 
factors  can  be  increase  beyond  the  point  where  structural  testing  is  required. 
This  will  directly  impact  EDTSSl  costs  by  reducing  test  hardware,  test  equip- 
ment, and  man-hours.  Use  of  qualified  components  will  eliminate  qualification 
testing  at  the  component  level.  Thus  an  inspection  of  the  overall  testing  ap- 
proach is  merited. 

Test  programs  are  required  to  demonstrate  the  performance  capability  of  the 
spacecraft.  To  effectively  implement  a test  program,  the  overall  program  is 
subdivided  by  different  test  objectives  related  to  specific  hardware  assemblies. 
Therefore,  the  test  program  is  composed  of  development,  qualification,  relia- 
bility and  acceptance  tests  conducted  on  component,  module,  or  subsystem,  and 
system  hardware  assemblies.  The  results  of  the  test  engineering  activi-ty  is 
an  integrated  plan  to  accomplish  the  objectives  in  a cost  effective  manner  by 
evaluating  the  factors  affecting  the  test  program  such  as  design  maturity,  pre-  _ 
vious  experience,  analytical  c^apability,  and  risk.  In  the  final  analysis,  test- 
ing can  improve  the  quality  of  equipment  only  as  the  test  results  are  used  to 
influence  the  design  and  production  requirements.  "When  confidence  is  high  (or 
risk  is  low)  based  upon  experience  and  program  objectives,  testing  should  be 
reduced. 

The  Payload  Effects  on  test  costs  are  a result  of  relaxing  design  constraints, 
which  permits  more  conservative  designs.  As  designs  become  more  conservative, 
more  reliance  can  be  placed  upon  experience  to  develop  confidence  in  quality 
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and  to  reduce  unanticipated  design  and  production  deficiencies.  Increasing 
weight  and  volume  can  reduce  the  criticality  of  design  approaches  and  produc-_ 
tion  operations,  which  permits  simplified,  integrated  testing  without  increas- 
ing risk.  For  Shuttle  launched  payloads,  additional  "benefits  are  possi"ble 
through  on-orbit  checkout  and  maintenance,  farther  reducing  ground  test  opera- 
tions. In  all  cases,  complete  system  performance  is  demonstrated  prior  to  op- 
erational commitment.  The  test  programs  delineated  for  this  study  are  consis- 
tent with  current  MASA/DOD  approaches.  Any  reductions  in  test  costs  are  a 
result  of  effects  generated  by  conservative  designs,  which  were  less  sensitive 
to  environment  and  functional  interface  variations  and  more  amenable  to  anal- 
ytical verification. 

A common  approach  was  used  for  generating  the  test  programs  for  all  spacecraft 
included  in  the  study.  The  primary  factors  causing  differences  between  the 
low-cost  spacecraft  test  programs  were  the; 

® Degree  of  sophistication  required  for  equipment  performance  indicated 
by  tolerance  levels  and  the  amount  of  different  operational  modes 
(system  conplexity)  , 

® Availability  of  mature  equipment  designs, 

® Total  quantity  of  equipments  and  spacecraft.  (Particularly  with  re- 
gard to  facilities  and  support  equipments.) 

All  programs  demonstrated: 

9 Acceptance  performance  at  the  component,  module  (if  applicable),  and 
system  assembly  levels.  Acceptance  testing  included  environmental 
stressing  to  detect  production  deficiencies, 

© Qualification  of  system  performance,  and  separate  component  quali- 
fication tests  as  appropriate. 
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® Development  performance  of  new  or  extensively  modified  equipments 
and  complex  subsystems. 

The  scheduling  of  tests  was  generally  consistent  with  NASA  phased  project 
planning  in  that  breadboard  feasibility  developments  were  related  to  prelimin- 
ary design,  product  developments  and  component  qualifications  preceded  hardware 
go-ahead  and  system  qualification  preceded  flight  vehicle  acceptance.  Usually, 
the  Initial  Critical  Design  Review  (CDR)  approved  component  design  to  permit 
initiation  of  production  procurement,  and  final  CDR  approved  system  design  prior 
to  first  flight  vehicle  assembly.  This  approach  using  progressive  CDRs  per- 
mitted optimum  phasing  of  program  activities  without  jeopardizing  the  phased 
project  approach. 

To  develop  the  spacecraft  test  program,  individual  equipments  were  identified 
and  evaluated  to  determine  their  degree  of  sophistication  and  availability. 

Where  warranted,  individual  breadboard  and  product  development  tests  were  con- 
ducted which  included  environmental  stressing  to  detect  critical  weaknesses. 
Subsystems  were  assembled  and  tested  by  procuring  additional  non-redundant 
equipment,  which  did  not  require  individual  development.  Except  for  SRS,  De- 
velopment Test  Vehicles  (DTV)  were  eventually  assembled  using  the  development 
equipment  and  structures  to  determine  system  interactions.  Concurrent  with 
system  development,  qualification  of  prototype  epinponents  was  initiated  where 
previous  test  history  would  not  suffice.  Qnalificataon  Test  Vehicles  (^TV) 
were  used  to  demonstrate  compatibility  with  support  equipment,  activate  and 
train  system  test  operations,  conduct  system  qualification  tests,  and  conduct 
Operational  Readiness  Demonstrations  at  the  launch  site.  Acceptance  test  op- 
erations on  fli^t  vehicles  followed  qualification  to  retain  proficiency  de- 
veloped on  the  QTV.  Where  multiple  deliveries  were  required,  test  operations 
were  scheduled  continuously  to  maintain  stable  work  loads  and  to  increase 
efficiency . 

Test  hardware  is  a significant  cost  element  in  the  RDT&E  test  program,  so  the 
low  cost  aiproach  was  structured  to  make  maximum  use  of  hardware  by  refurbish- 
ment arid  reuse,  and  by  scheduling  series  vs  concurrent  operations.  Generally, 
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only  one  \init  was  required  for  qualification  testing.  This  approach  is  con- 
sistent; with  the  increased  confidence  attributed  to  conservative  designs. 

Experience  on  past  aerospace  programs  indicates  continued  in5>rovement  in  the 
design  and  production  of  quality  components.  This  trend  should  reduce  test 
costs,  hut  increases  in  system  complexity  have  offset  any  gain  in  capability. 
A decrease  in  design  constraints  should  lead  to  better  initial  designs,  insen- 
sitive interfaces  between  equipments  (increased  margins),  and  reduced  workman- 
ship deficiencies.  As  experience  demonstrates  improved  quality,  the  trend  of 
rising  test  costs  should  be  reversed. 

6.2.3  Ground  Sunport  Equipment 

Major  items  of  support  equipment  are  required  at  the  operational  launch  and 
mission  support  sites  and  at  the  contractor  plant.  Equipment  is  needed  to 
test,  simulate,  service,  handle  and  transport  the  spacecraft  and  its  modules. 
For  the  purpose  of  cost  segregation,  support  equipment  is  categorized  as  GSE, 
GHE,  or  S!TE  where  GSE  and  GHE  are  associated  with  operational  uses  and  STE  is 
used  by  the  contractor,  in-plant.  Where  commonality  exists  between  GSE  & STE, 
GSE  is  used  in-plant  also.  Typical  GSE  includes: 

® System  test  complexes 
« Sensor  targets  (for  test  simulation) 
a Experiment  modrile  interface  test  sets 
a jRneumatic  servicing  equipment 
® Hiotographic  servicing  equipment  for  SEO 
a Thermal-vacuum  heat  flux  simulators 
6 Software 

© Interconnecting  cables 

Automatic  checkout  and  test  complexes  are  standardized  test  stations  developed 
independently  and  provided  for  a fixed  fee.  The  standard  automatic  checkout 
system  provides  the  capability  to  interface  with  the  spacecraft  by  providing 
electrical  power,  EF  data/command  interfaces,  programming  sequencing  and 
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monitoring  functions.  Program  peculiar  modifications  may  "be  required  to  pro- 
vide recording,  real  time  displays,  and  timing  functions.  Standard  test  soft- 
ware packages  provided  with  the  basic  system  are  adapted  to  the  individual 
spacecraft  requirements.  Standard  test  sets  are  required  at  the  contractor 
plant  at  the  launch  base  and  installed  in  the  Shuttle  for  predeployment  check- 
out. Purther  description  is  provided  in  Section  8.2. 

GHE  includes: 

s Spacecraft  handling  dolly  and  transporter 
® Module  handling  dollies  and  installation  equipment 
‘ © Work  stands 

Based  upon  the  production  quantity  and  rates,  specialized  handling  equipment 
may  be  Justified.  These  will  be  capable  of  considerable  reuse.  Vehicle  dol- 
lies will  be  required  at  the  contractor  plant  and  at  the  launch  base.  Two 
transporters  were  provided  to  support  backup  launch  operations.  Module  dollies 
are  required  of  each  configuration  to  support  production  at  the  contractor's 
plant  and  spares  at  the  launch  base.  One  installation  fixture  is  provided  for 
each  configuration  at  the  plant  and  launch  base.  Reusable  shipping  containers 
for  modules  will  be  provided.  These  containers  will  be  fabricated  of  common 
packaging  durable  materials  and  reusable  fasteners.  Some  wearout  and  scrappage 
has  been  traded-off  against  hard  packaging. 

I 

‘ i • ' 

STE  encompasses  the  remaining  contractor  su^^ort  equipments  and  fixtures  to 
process  and  test  the  spacecraft  and  its  equipments.  Typical  SUE  includes: 

© Collimators  for  OAO 
9 Equipment/module  checkout  stations 
© Spacecraft  Interface  simulators/fixtures 
® Experiment  module/spacecraft  interface  siimilators 
o Weight/balance  equipment 
® Hoists/slings/rigging  equipments 
9 Environment  test  fixtures  ' 

6 Spin  balance  equipment  for  SRS 

I 
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Mission  peculiar  support  equipment,  for  installation  and  use  in  data  acquisi- 
tion, display  and  processing  and  for  spacecraft  control  at  the  mission  control 
center  and  at  the  tracking  station  was  specified  for  each  program  and  were 
costed. 

Other  equipment,  such  as  teletypes,  intercoms,-  tape  recorders,  card  and  tape 
punches,  central  support  coaputers,  office  furnishings,  etc,,  have  been  assxmaed 
to  be  existing  and  available  as  G5!E,  along  with  the  necessary  rooms  and  util- 
ities. Full  support,  including  general  operation  of  the  control  room,  commun- 
ications equipment  and  ground  stations,  will  be  provided  by  the  MSA  OTDA. 

Fre-launch  operations  are  assumed  to  be  at  KSC,  with  suitable  facilities  as- 
signed to  the  SEO  project  to  provide  support  for  operations  such  as  receiving, 
checkout,  launch  preparation,  integration  with  Tug  and  Shuttle,  launch,  retrie- 
val and  repair  and  maintenance  of  returned  spacecraft.  Support  of  a KSC  ground 
station  (DSS-7I  or  equivalent  S-band  equipment  facility)  is  assumed. 

6.2.4  Costing  and  Estimating  Background 

Estimating.  Labor  estimates  for  development,  production  and  operation  were  made, 
in  accordance  with  the  assumptions  and  guidelines  by  engineering,  manufacturing, 
test  and  operations  planners.  Lists  of  materials  were  revised  to  determine  a 
representative  make-or-buy  list.  Procurement  specialists  provided  estimates 
of  manufacturer  and  supplier  prices,  using  available  historical  data  and  addi- 
tional information  furnished  by  specific  suppliers.  Quality  Assurance  labor 
was  estimated  in  accordance  with  established  ratios  to  direct  manufacturing, 
test  and  engineering  labor  hours.  All  labor  was  spread  in  accordance  with  the 
program  master  schedule . 

Procurement  lead  times  and  subcontractor  participation  milestones  were  identi- 
fied. Labor  and  material  estimates,  with  schedules,  were  then  provided  to  cost 
analysts  for  determination  of  costs  by  application  of  actual  rates  and  burdens. 
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Labor  biirdens  were  calculated,  using  current  1970  rates.  Labor  btirdens  include 
overhead,  general  and  administrative  expense  (GSA)  and  allocated  prime  costs 
(APC).  The  elements  included  in  these  burdens  are:  (l)  Overhead:  includes 

those  expenses  related  to  indirect  labor  cost  for  plant  activities,  fringe  ben- 
efits, shop  supplies,  facilities  including  depreciation,  utilities,  amortiza- 
tion and  other  labor  related  costs  as  established  by  contractors’  accounting 
policies^  (2)  G&A.:  expenses  include  individual  labor  costs  for  company  gen- 

eral management,  marketing  expense,  corporate  allocations,  independent  research 
and  development  and  bid  and  proposal  expenses;  (3)  AFC:  includes  those  costs 

common  to  many  aerospace  programs  such  as  repair  and  maintenance  of  manufactur- 
ing and  test  equipment,  common  engineering  technical  services,  common  man'ufac-. 
tuning  services,  common  quality  assurance  services  and  common  computer.  Pur- 
chased material  and  services  are  also  burdened  at  established  rates.  These 
burdens  include  expenses  such  as  procurement  cost,  receiving  inspection  and 
common  minor  material.  Direct  labor  costs  used  are  the  compare  average  at  the 
end  of  1970  for  engineering,  manufacttiring,  test  and  remote  operations.  Direct 
cost  for  program  management  is  calculated  as  a percentage  of  total  direct  costs 
and  includes  such  direct  expenses  as  travel,  reproduction,  dliject  per  diem  and 
direct  supervision.  Direct  and  burden  charges  were  combined  to  provide  average 
costs  per  direct  manhour,  which  were  used  for  computing  tcrtal  jlabor  cost.  La- 
bor costs  were  summed  with  burdened  purchased  material  and  seijvices  costs  to 
provide  total  costs  by  subsystem  and  by  non-recurring,  recurring  unit  and  op- 
erations costs.  Pee  was  not  included  to  provide  consistency  with  the  baseline 
and  target  cost  data;  however,  for  planning  purposes,  users  of  these  data  could 
apply  fees  in  accordance  with  current  MSA  policies  to  determine  total  program 
resource  requirements. 

6.3  DBVELOBffiHT  HANS 

This  section  summarizes  the  program  plans  developed  during  the ’study  for  each 
of  the  low-cost  spacecraft.  These  plans,  based  upon  the  low-cost  designs  and 
the  groundrules  specified  in  Section  6,1,  were  used  to  develop  detailed  program 
costs, 
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6.3.1  Low-Cost  OAO-B  Development  Plan 

The  OAO-B  program  was  planned  for  a four  and  one-half  year  span  from  Phase  B 
start  to  launch.  One  year  of  mission  operations  following  launch  is  added. 
Preliminary  plans  for  program  management,  engineering,  test  manufacturing  and 
operations  were  prepared.  Sizable  reductions  in  payload  costs  are  offered  by 
use  of  the  new  launch  vehicles  and  by  application  of  current  technology  and  . 
practice.  Specific  cost  savings  approaches  employed  are  suxnmarized,  and  de- 
tailed cost  breakouts  to  work  element  are  provided  in  Section  6.4.1. 

It  is  considered  that  the  results  are  reasonably  conservative  and  that  the 
costs  could  be  further  reduced.  Some  of  the  eonseivative  approaches  applied 
included: 


® A typical  MSA  phased-program  planning  approach  has  been  used,  with 
span  time  of  4.5  years.  Based  upon  LMSC  specific  ejcperience,  this 
span  time  can  be  reduced  by  over  a year  with  attendant  savings  in 
cost.  This  is  particularly  true  of  a Shuttle  oriented  payload  where 
in  "risks"  can  be  more  readily  accepted  than  with  conventional  ex- 
pendable-launch payloads . 

6 Software  development  has  been  estimated  conservatively. 

© Allowances  have  been  made  in  Manufacturing  hours  for  reasonable  re- 
work and  scrappage.  This  is  based  on  actual  ejqperience  in  hardware 
production,  principally  in  electronics  hardware. 

® A sizable  allowance  has  been  made  for  Quality  Assurance  and  Inspec- 
tion. Typical  DOD/LMSC  rates  have  been  used. 

9 Hours  for  test  planning  and  testing  have  been  conservatively 
estimated. 
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® Sustaining  engineering  has  been  continued  between  Phases  C and  D 
(6  months)  per  the  phased  project  planning  approach, 

® Costs  have  been  included  in  the  Shuttle -launched  OAO  program  for 
two  sets  of  automatic  checkout  equipment  at  $2.1  million.  This 
could  have  been  designated  as  a GFE  item  at  no  cost. 

® Althou^  LMSC  plans  include  simplified  documentation  for  the  low- 
cost  payloads,  the  actual  estimate  of  the  low-cost  OAO  Program  in- 
cludes full  MASA-type  documentation  and  reporting.  This  was  done 
to  eliminate  any  controversy  regarding  the  feasibility  of  changing 
MSA  basic  procurement  policies  at  this  time.  However,  this  area 
still  presents  a good  target  wherein  more  cost  reduction  can  be 
obtained  if  desired. 

9 A full-qualification  test  in  the  form  of  a shuttle- sortie  fli^t  is. 
included. 

® The  test  facilities  for  the  expendable -launched  OAO  were  priced  as 
rental“Costs  for  existing  facilities.  In  this  way,  no  new  facilities 
were  prop’osed'  for  the  expendable -launched  low-cost  OAO  where  in 
actuality,  new  facilities  may  be  required,  particularly  for  the  future 
LSI,  which  will  not  fit  into  the  elaborate  existing  ground  test 
facilities  for  the  OAO.  This  biases  the  cost  estimates  somewhat 
in  favor  of  the  expendable-launched  OAO;  here  again,  changes  in  as- 
sumptions will  show  the  Shuttle -launched  OAO  more  favorably, 

* It  has  been  assumed  that  the  Qualification  Test  Vehicle  (QTV)  will 
be  produced  as  a backup  flight  article  for  the  lov7-cost  OAO.  This 
hardware  is  actually  non-existent  in  the  baseline  OAO  program.  LMSC 
felt  that  this  approach  was  a needed  insurance  for  a high-cost  devel- 
opment program  such  as  the  OAO.  However,  this  is  a specific  conser- 
vatism which  is  included  and  represents  about  $20  million  in  EDTSaE. 
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® The  plan  includes  22  man  years  for  handling  of  off -normal  sltuablons 
■which  are  not  pre-planned  hut  -which  do  occur  on  most  programs. 

6. 3. 1.1  Low-Cost  OAO-B  Program  Schedule.  The  low-cost  OAO-B  Master  Schedule 
(Fig.  6-2)  depicts  the  major  task  and  suhtask  phasing,  as  well  as  task  inter- 
relationships over  the  life  of  the  program.  This  schedule  reflects  the  sequence 
of  activities  necessary  to  produce  the  low  cost  OAO  payload. 

The  Master  Schedule  is  di'vided  into  six  major  functional  areas:  Management, 

Engineering,  Manufacturing,  Testing,  Quality  Assurance  and  Product  Support. 

The  interrelationship  between  these  functional  areas  and  the  three  phases  is 
shown  with  horizontal  hands  for  the  functional  areas  and  vertical  divisions 
for  the  three  phases  of  procurement. 

Management , During  the  course  of  the  program,  all  milestones  are  assumed  to 
he  closely  controlled  to  ass-ure  adherence  to  the  Program  Plan  and  maintenance 
of  costs.  The  preparation  of  the  Phase  C and  D plans  plus  the  Phase  D proposal 
will  he  major  data  submissions.  Per  phased  project  planning  guidelines,  it 
was  assumed  that  contractor  funding  and  level- of- effort  will  he  maintained  dur- 
ing the  period  between  Phases  C and  D. 

Engineering.  The  four  design  reviews  shown  in  ^sterns  Engineering  are  key  mile- 
stones within  the  program.  The  concept  re'view  •will  provide  direction  for  the 
completion  of  the  Phase  B Definition  Study.  The  Preliminary  Design  Review  •will 
review  the  results  of  Phase  B.  The  Critical  Design  Review  at  the  end  of  Phase 
C will  review  the  final  design  definition  package  generated  during  the  design 
phase.  The  Acceptance  Design  Review  in  Phase  D will  review  the  test  data  and 
documentation  generated  during  component  and  vehicle  test  programs.  Based  on 
the  results  of  this  review  it  will  he  determined  if  the  payload  and  documenta- 
tion are  acceptable  for  delivery. 

Manuf act-ur ing . Manufacturing  will  provide  soft  mockup  and  limited  breadboard, 
fabrication  support  during  Phase  B.  During  Phase  C,  hard  mockups  plus  fabri- 
cation and  assembly  of  subsystem  components  and  modules  for  use  in  R&D  testing 

i 
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•will  le  provided.  With  the  approval  of  the  Phase  C final  design  package  and 
the  award  of  a Phase  D contract,  full  production  of  all  tooling,  support  equip- 
ment, eon^jonents  and  modules  for  the  Qualification  Pest  Vehicle  and  the  Flight 
Test  Vehicle  will  commence. 

Testing.  Development,  certification  and  acceptance  testing  will  occur  during 
the  span  of  the  program.  The  plan  provides  for  use  of  the  hardware  used  for 
the  Phase  C development  testing  to  he  used  in  the  assembly  of  the  QCV  in  Phase 

D. 

Quality  Assurance.  As  with' any  ESD  type  unmanned  space  program.  Quality  Assur- 
ance will  be  a major  consideration  throughout  the  definition,  design  and  devel- 
opment phases  of  the  program. 

The  approach  to  the  assurance  of  product  quality  will  be  to  apply  as  references 
and  guides  portions  of  MASA  3SHB  '5300.4  (lA  & B) . In  general;  any  selected  and 
approved  variation  from  these  requirements  that  -will  not  comprcmiise  the  quality 
or  reliability  of  the  end  product,  but  may  significantly  decrease  and  limit  the 
overall  level  of  product  verification,  and  documentation  required  will  be  used. 
Variation  will  only  be  permitted  if  it  can  be  shown  to  have  a significant  cost 
impact  with  no  performance  compromise. 

Product  Support.  Space  and  ground  crew  training,  logistics  and  operational 
support  will  be  provided  during  appropriate  phases  of  the  program  as  shown. 
Operational  support  will  continue  beginning  with  prelaunch  operations,  through 
launch  and  one -year  of  operations. 

6. 3. 1.2  Low-Cost  OAO-B  Engineering  Plan.  The  Engineering  Plan  was  formulated 
based  upon  the  planned  4|-  year  program  from  initiation  of  Phase  B throu^ 
'launch  plus  one  year  operational  life.  The  principal  engineering  functions  are 
■Systems  Engineering,  Design  Engineering  and  Engineering  Services.  Using  MSA 
Phased  Project  Planning  as  a guide  to  types  of  work  and  key  milestones,  esti-  _ 
mates  of  level  of  effort  and  required  disciplines  were  made  for  input  to  cost- 
ing. The  general  plan,  based  upon  the  guidelines  in  Section  6.1.1,  shows 
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completion  of  the  definition  phase,  Phase  B,  in  nine  months.  The  outputs  of 
Phase  B -will  he  preliminary  design  data,  preliminary  systems  specif ications,_ 
preliminary  manufacturing  and  test  plans,  a preliminary  operations  and  opera- 
tions support  plan,  system  and  subsystem  design  margins,  reliability,  and  qual- 
ity assurance  plans  and  estimates,  the  Configuration  Management  Plan,  manage- 
ment plans,  schedules  and  cost  estimates,  etc,,  as  described  in  KHB  7121.2, 
Phased  Broject  Planning  Guidelines.  Phase  B is  conducted  primarily  by  the  Sys- 
tems Engineering  Organization  with  support  from  desiga,  analysis  and  supporting 
groups.  Phase  C,  Design,  has  the  objective  of  overall  detailed  definition  of 
the  project.  Outputs  are  reports,  plans  and  a firm  proposal  for  the  Phase  D, 
Development  Operations.  Principal  engineering  efforts  during  Phase  C are  cen- 
tered in  design  engineering  under  the  technical  direction  of  systems  engineer- 
ing and  supported  by  engineering  services.  Engineering  Phase  C will  result  in 
completed  designs  and  specifications  ready  for  manufacturing  and  procurement. 
During  Phase  D,  Development/Operations,  engineering  will  primarily  be  in  suppoirb 
of  the  manufacturing,  test  and  operations  organizations.  Some  design  wrap-up 
and  revision  based  upon  ground  and  flight  test  can  be  anticipated  and  have  been 
allowed  in  the  estimates.  Engineering  will  support  test  and  operations  in 
evaluation  of  tests  and  in  conduct  of  the  mission  under  sustaining  engineer-  . 
ing.  The  costs  associated  with  this  latter  support  is  included  in  the  recur- 
ring \uii-c  and  operations  costs  while  all  of  Phases  B and  C and  early  Phase  D 
efforts  are  included  in  non-recurring  EDTSiE  costs. 

6.3 .1.3  Low-Cost  OAO-B  Manufacturing  Plan.  The  Manufacturing  Plan  was  devel- 
oped based  upon  the  essplicit  ground  rules  that  there  would  be  one  deliverable 
flight  payload  and  one  non- end  item  qualification  test  vehicle  (the  latter  to 
become  a backup  fli^t  article) . Approaches  to  manufacturing  one-only  ESD- 
type  payloads  in^ose  different  requirements  than  does  multiple -unit  production- 
t3^e  manufacturing.  Additional  cost- saving  design  features  that  influence 
manufacturing  include  relaxed  tolerances  ajid  material  specifications  and  use 
of  simple  straignt- forward  manufacturing  techniques.  Interchangeability  of 
modules  is  required  for  in-orbit  maintenance  and  refurbishment  and  necessitates 
a degree  of  repeatability  in  fabrication  and  assembly  of  module  structures. 
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Because  repetitive  production  is  not  required^,  effective  use  can  be  made  of  a 
dedicated  manufacturing  control  and  planning  capability  to  establish  a close, 
quick  reaction  operation  and  to  retain  ejcperience  gained  during  development 
for  use  on  the  deliverable  spacecraft.  To  this  end,  a localized  and  program- 
oriented  operation  is  planned  to  provide  planning  and  control,  and  payload  final 
assembly  for  low-cost  OAO  manufacturing.  Manufacturing  support  operations  and 
procedures  are  selectively  applied  to  optimize  cost  savings  while  maintaining  . 
effective  controls  such  as  the  general  use  of  soft  tooling  except  for  control- 
ling replacement  module  interfaces. 

6. 3. 1.4  Low-Cost  OAO-B  Test  Plan.  The  advent  of  an  operational  Space  Shuttle 
permits  radical  departures  from  previous  aerospace  experience  associated  with 
escpendable  launch  vehicle  programs.  The  full  extent  of  the  Shuttle  impact  on 
payload  programs  can  only  be  predicted  at  this  time,  but  design  concepts  will 
be  greatly  affected  by  the  reduction  of  design  constraints  that  led  to  compli- 
cated and  sophisticated  equipment.  The  increase  in  design  conservation  (higher 
safety  factors)  should  lead  to  a reduction  in  testing  because  more  use  can  be 
made  of  past  experience  and  analyses  to  achieve  confidence  in  equipment  per- 
formance without  increasing  program  risks.  Assuming  equivalent  program  objec- 
tives, reduction  of  test  costs  is  beneficial  to  the  overall  space  program. 

A loi'r-cost  approach  to  testing  must  be  associated  with  a reduction  in  test  op- 
erations. Reduction  implies  the  elimination  of  unnecessary  (or  redundant) 
tests,  or  reduction  of  simulation  fidelity  for  given  tests.  A reduction  of 
testing  in  previous  aerospace  programs  to  achieve  low  costs  would  normally  be 
associated  with  higher  risks  in  achieving  goals  of  performance,  schedule,  and 
costs;  which  may  eliminate  any  potential  cost  savings.  However,  for  Shuttle 
supported  laxmehes,  these  potentially  higher  risks  are  alleviated  by  increas- 
ing design  conservatism  and  by  the  ability  to  perfom  on-orbit  maintenance  and 
refurbishment.  Judicious  balancing  of  these  elements  (design,  test,  and  on- 
orhit  maintenance)  will  minimize  risk  while  permitting  reduced  testing. 
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6. 3 -1*5  Low-Cost  QAO-B  Operations  .Plan.  Th.e  use  of  the  Shuttle  to  deliver  the 
Low-Cost  OAO  to  the  desired  orbital  altitude  and  inclination,  and  to  recover  it 
if  desired,  is  assumed.  Shuttle  operations  are  independent  of  the  payload  pro- 
gram except  for  the  initial  prelaunch  con5)atibility  tests  and  the  cooperative 
pre- separation  payload  test  phase.  The  cost  of  the  Shuttle  operations  are  in- 
cluded in  the  allocated  Shuttle  user  cost.  R?e-launch  preparation  spans  are 
extrapolated  from  the  KSC  IC  39  Space  Shuttle  Test  Plan,  TR-1078,  ^ Rov  19?0. 
Sixteen  hours  have  been  added  to  the  KSC  schedule  to  permit  combined  systems 
tests,  primarily  to  assure  EMI/RFI  compatibility,  .acceptability  and  data  bus  , 
interface,  and  to  allow  for  loading  attitude  control  gas,  cleaning  and  close- 
out of  the  cargo  compartment.  On  the  launch  pad  provisions  are  made  for  a two- 
hour  period  just  prior  to  the  Shuttle  countdown  preparation,  during  which  the 
payload  may  be  checked  out  throu^  the  Shuttle  data  bus  interface;  this  corres- 
ponds to  the  OAO  "aliveness"  test.  The  payload  launch  crew,  except  for  a small 
launch  base  cadre,  is  made  up  of  project,  subsystem  and  test  personnel  who  have 
participated  in  the  assembly  and  system  testing  and  have  followed  the  "launch- 
ready"  payload  to  the  launch  base. 

A dedicated  control  center,  staffed  by  project  personnel,  withGFE  support  from 
the  Office  of  T&DA  for  MASCOM/STADAE  is  planned.  The  same  level  of  MSA  T&DA 
payload  support  is  estimated  for  low-cost  OAO  as  for  current  OAO  operations; 
through  the  lessened  dependence  upon  orblt-by-orbit  detail  commands  (because 
of  the  on-board  computer)  and  the  ability  to  store  two  days'  worth  of  commands 
suggests  the  possibility  of  using  fewer  stations  for  STADAN  support  if  other 
than  OAO  requirements  for  a given  station  were  to  disappear.  Con^niter  support 
for  operations  is  assumed  as  GEE  because  the  capability  new  exists  at  GSFC  and 
the  5 OAO  STADADT  stations.  One  year  of  Operation  Support  is  included. 

6.3. 1.6  Application  to  Low-Cost  Expendable  Launch  Systems. 

Design.  Initially,  the  design  of  the  low-cost  OAO-B  was  predicated  upon  use  of 
the  Space  Shuttle.  Subsequently,  design  differences  to  be  compatible  with  the 
expendable  launch  vehicles  were  identified.  Principal  changes  in  the  design  of 
the  Shuttle -laxinched  configuration  to  the  new  low-cost  expendable  (LCE)  and 
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alternate  current  exj)endable  (ACE)  configurations  of  the  low-cost  OAO  comprised 
addition  of  redundant  units  and  backup  components  to  compensate  for  the  inabil- 
ity to  revisit,  repair  and  maintain  in  orbit  the  eapendable-launched  OAO  pay- 
load. 

Based  upon  Shuttle  and  launch  vehicle  data  provided  by  the’  Aerospace  Corpora- 
tion, it  was  determined  that  sufficient  performance  was  available,  with  both 
the  specified  LCE,  the  Seven  Segment  SRM/Titan  Large  Diameter  Core  (TIII-L2) 
and  the  planned  ACE,  the  Atlas  Centaur,  to  place  over  9,000  lbs  (U,082  kg)  to 
OAO’s  orbit,  400  nm  (740  km)  at  35°  inclination.  The  Shuttle -launched  low- 
cost  OAO-B  weighs  7>809  lb  (3>542  kg) . Changes  to  this  payload  to  adapt  to 
the  LCE  or  ACE  launch  vehicles  totals  500  lbs  (227  kg)  ( including  14-3  kg  for  a 
structural  adapter).  This  raises  the  e3{pendable  OAO-B 's  overall  weight  to 
8,309  ib  (3,769  kg)  which  is  well  within  the  performance  capability  of  both  al- 
ternate e25pendables . As  the  launch  environment  is  also  essentially  the  same  for 
LCE  & ACE,  the  reconfigurations  and  redesigns  for  LCE  and  ACE  are  virtually 
identical.  The  primary  difference  between  ACE  & LCE  designs  is  the  require- 
ment for  different  payload  to  launch  vehicle  adapters  which  in  the  LCE  case 
mates  to  a 15  ft  (4.57  m)  diameter  launch  vehicle  adapter  and  in  the  ACE  case 
to  a 10  ft  (3.05  m)  adapter. 

Manuf actur ing . Increased  costs  reflected  in  the  manufacturing  of  the  expendable 
OAO  are  caused  by  the  addition  of  specific  components  and  units  for  increased 
reliability  (as  contrasted  to  the  "hi^er-risk"  approach  taken  with  Shuttle- 
launched  OAO) . Other  cost  increases  were  caused  by  increased  levels  of  manu- 
factviring  planning,  scheduling  and  module  assembly  resulting  from  increased 
module  complexity.  Eo  major  cost  drivers  in  manufacturing  and  assembly  of  the 
expendable  OAO  can  be  clearly  identified  because  the  overall  expendable  design 
concept  is  essentially  the  same  as  the  Shuttle  OAO.  It  is  still  planned  to 
develop  a QIV  for  qualification  of  the  total  system  and  to  serve  as  a backup 
to  the  FT7. 

Testing.  Increases  in  test  costs  are  a result  of  the  increases  in  spacecraft 
design  conplexity  plus  changes  in  test  philosopl^.  The  spacecraft  design  for 
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ejjpendable  booster  launches  includes  additional-  components  for  red\mdancy  and/ 
or  backup,  some  of  •which  will  require  new  development.  Loss  of  Shuttle  capa- 
bility for  predeployment  checkout  and  maintenance  causes  an  increase  in  pre- 
acceptance -testing  to  substantiate  equipment  quality  requirements.  This  is 
accomplished  by  increases  in  the  degree  of  sophistication  and  ejctent  of  quali- 
fication testing.  Qualification  requirements  increase  costs  for  test  opera- 
tions and  for  test  hardware  above  the  Shuttle-oriented  program.  In  addition, 
the  use  of  sequential  ground  simulation  in  lieu  of  Shuttle  sortie  flints  ex- 
tends the  development  schedule  during  a period  of  high  man  loading,  thereby 
increasing  program  costs. 

Complete  QJEV  certification  is  planned  which  includes  system  level  thermal 
vacuum,  shake,  acoustic  and  stability  testing.  Elimination  of  actual  flight 
test  of  QTV  impacts  non-recurring  test  costs;  however,  operational  training 
and  validation  of  ground  system  afforded  by  QTV  flight  test  are  no  longer 
available.  Eor  the  ITV  acceptance  testing,  full  groiond  simulation  testing 
will  he  required  -with  concomitant  increased  facility  costs. 

Operations . Principal  changes  in  the  operational  costs  center  around  the  prep 
aration  for  launch  of  the  expendable  OAO.  Although  these  cost  changes  are  rel 
atively  minor,  allowances  have  heen  included  for  increased  system  validation 
at  the  launch  base  and  for  integration  of  payload  with  the  launch  vehicle. 
Increased  logistic  costs  reflect  the  need  to  transport  the  adapter  to  the 
lavinch  base.  Use  of  the  i^V  for  launch  base  certification  and  training  is 
included.  Costs  and  time  for  mating  the  adapter  with  the  launch  vehicle,  and 
for  joint  flight  acceptance  testing  (J-Fact)  have  been  included.  Bue  to  the 
fact  that  hoth  systems  are  designed  for  unattended  operation,  there  are  no 
measurable  changes  in  the  costs  of  mission  operations.  The  mode  but  not  the 
cost  of  orbital  checkout  and  system  verification  prior  to  initiating  opera-  , 
tions  will  differ  in  that  no  shuttle  crew  is  available  to  assist  in  these  ac- 
tivities. 

The  coBparative  cost  advantages  of  the  Shuttle  retrieval  of  a malfunctioning 
payload  have  not  been  included. 
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6.3.2  Low-Cost  SEP  Development  Plan 

The  SEO  program  Tor  the  Shuttle/Tug  was  planned  for  a three  and  one-half  year 
span  from  start  of  Phase  B to  the  launch  of  the  first  operational  SEO.  The 
time  from  hardware  go-ahead  (start  of  Phase  C/D)  to  first  launch  is  30  months, 
closely  approximating  the  Lunar  Orhiter  schedule.  The  program  objective  is  to 
provide  continuous  earth  observation  with  a network  of  four  satellites  for  a 
period  of  over  ten  years*  The  nominal  spacecraft  lifetime  is  ,two  years,  which 
necessitates  replacement  or  refurbishment  on  a two-year  cycle.  With  Shuttle/ 
Tug,  replacement  is  accomplished  by  delivering  a replacement  spacecraft  to 
SinSEQ  orbit  station,  retrieving  the  malfunctioning  system  and  returning  to 
low-earth  orbit  for  rendezvous  and  recovery  with  the  Shuttle.  Included  in  the 
plans  (and  costs)  are  the  full  development  of  the  system,  launch  and  initial 
placement  of  four  SEOs  in  orbit  and  two  years  of  operation.  Five  operational  . 
spacecraft  are  planned  with  the  fifth  serving  as  a backup  and  initial  replace- 
ment system.  As  with  OAO,  the  spacecraft  featirres  replaceable  modular  subsys- 
tems for  low-cost  assembly  and  refurbishment.  A development  test  vehicle  (DTV) 
is  planned  for  initial  E&B  development  testing;  the  DTV  will  be  upgraded  to  a 
Qualification  Test  Vehicle  (QTV)  for  use  in  system  qualification  testing, 
training,  operational  readiness  demonstrations  and  launch  interface  testing. 

A complete  operational  network  using  4 existing  tracking  stations  and  a mission 
control  center  (MCC)  is  provided  and  operations  for  the  first  two  years  follow- 
ing initial  launch  are  costed. 

A plan  for  development  of  the  expendable  SEO  using  the  Titan  IIID/Centaur  was 
also  prepared.  In  the  expendable  launch  system,  refurbishment  is  not  possible; 
replacement  means  launching  a new  spacecraft,  and  additional  lifetime  and  per- 
formance confidence  is  required.  A four  year  program  is  necessary  because  of 
'additional  qualification  and  reliability  testing.  Althou^  the  designs  of  the 
expendable  and  reusable  SEOs  are  virtually  identical,  the  additional  testing 
raises  EDT&E  costs. 

6. 3. 2.1  Low-Cost  SEO  Program  Schedule.  The  SEO  Master  Schedule  (Eig,  6-3‘) 
depicts  the  major  task  and  suhtask  phasing,  as  well  as  task  interrelationships 
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over  the  life  of  the  program.  This  schedule  reflects  the  sequence  of  activities 
necessary  to  produce  the  low  cost  SEO  payload. 

The  Master  Schedule  is  divided  into  seven  major  functional  areas:  Management, 

Engineering,  Quality  Assurance,  Manufacturing,  Testing,  Product  Support  and 
Esiperiment  Subcontractor.  The  interrelationship  between  these  functional  areas 
and  the  three  phases  is  shown  with  horizontal  bands  for  the  functional  areas 
and  vertical  divisions  for  the  three  phases  of  procurement. 

Management . During  the  course  of  the  program,  all  milestones  are  assumed  to 
be  closely  controlled  to  assure  adherence  to  the  Program  Plan  and  maintenance 
of  costs.  The  preparation  of  the  C/D  plans  and  proposal  will  be  major  data 
submissions . 

Engineering.  The  four  design  reviev^s  shown  in  ^sterns  Engineering  are  key 
milestones  within  the  program.  The  concept  review  will  provide  direction  for 
the  completion  of  the  Phase  B Definition  Study.  The  Preliminary  Requirements 
Review  will  review  the  results  of  Phase  B and  the  Prelijuinary  Design  Review 
will  review  the  solidified  design  approach.  The  Critical  Design  Review  at  the 
end  of  Phase  C will  review  the  final  design  definition  package  generated  dur- 
ing the  design  phase.  The  Acceptance  Design  Review  in  Phase  D will  review 'the 
test  data  and  documentation  generated  during  component  and  vehicle  test  pro- 
grams. Based  on  the  results  of  this  review  it  will  be  determined  if  the  pay- 
load  and  documentation  are  acceptable  for  delivery. 

Manufacturing.  Manufacturing  will  provide  soft  mockup  and  limited  breadboard 
fabrication  support  during  Phase  B.  During  Phase  C,  hard  mockups  plus  fabrica- 
tion and  assembly  of  subsystem  components  and  modules  for  use  in  BSD  testing 
will  be  provided.  With  the  approval  of  the  design  package,  full  production  . 
of  all  tooling,  support  equipment,  components  and  modules  for  the  Qualifica- 
tion Test  Vehicle  and  the  Flight  Test  Vehicle  will  commence. 

1 

Testing.  Development,  certification  and  acceptance  testing  will  occur  during 
the  span  of  the  program.  The  plan  provides  for  use  of  the  hardware  used  for 
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the  Phase  C development  testing  to  he  used  in  the  assembly  of  the  in 
Phase  D. 

Quality  Assxirance.  As  with  any  R&D  type  unmanned  space  program,  Quality  Assur- 
ance will  he  a major  consideration  throu^out  the  definition,  design  and  devel- 
opment phases  of  the  program. 

The  approach  to  the  assurance  of  product  guality  will  he  to  apply  as  references 
and  guides  portions  of  13ASA  13HB  5300  A (lA  & B),  In  general ,>  any  selected  and 
approved  variation  from  these  requirements  that  will  not  con^romise  the  quality 
or  reliability  of  the  end  product,  hut  may  significantly  decrease  and  limit  the 
overall  level  of  product  verification,  and  documentation  required  will  he  used. 
Variation  will  only  he  permitted  if  it  can  he  shown  to  have  a significant  cost 
impact  with  no  performance  compromise. 

Product  Support.  Space  and  ground  crew  training,  logistics  and  operational 
support  -are  provided  during  appropriate  phases  of  the  program  as  shown. 

Experiment  Subcontractor.  Required  design,  development,  fabrication,  test  and 
support  spans  and  milestones  for  the  experiment  subcontractor  are  shcnsm. 

6. 3. 2. 2 Lo;j-Cost  SEP  Engineering  Plan.  The  Engineering  Plan  was  formulated 
based  upon  the  planned  3'i’  year  program  from  initiation  of  Phase  B throu^ 
launch  plus  two  year  operational  life.  As  with  QA.0-B,  the  principal  engineer-  . 
ing  functions  are  Systems  Engineering,  Design  Engineering,  and  Engineering  Ser- 
vices. Using  MSA  Phased  Project  Planning  as  a guide  to  types  of  work  and  key 
milestones,  estimates  of  level  of  effort  and  required  disciplines  were  made 
for  input  to  costing.  The  general  plan,  based  upon  the  guidelines  in  Sections 
6,1,2,  and  upon  the  Lunar  Orhiter  Program,  shows  completion  of  the  definition 
phase.  Phase  B,  in  six  months.  There  was  no  Phase  B during  Lunar  Orhiter  due 
to  the  input  need  for  early  fli^t  readiness.  The  outputs  of  Phase  B will  he  , 
preliminary  design  data,  preliminary  systems  specifications,  preliminary  manu-. 
facturing  and  test  plans,  a preliminary  operations  and  operations  support  plan, 
system  and  subsystem  design  margins,  reliability  and  quality  assurance  plans 
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and  estimates,  the  Configuration  Management  Plan,  management  plans,  schedules 
and  cost  estimates,  Ihase  C,  Design,  has  been  combined  -with  Phase  D,  Develop- 
ment Operations  in  order  to  maintain  the  similarity  to  Lunar  Orbiter.  It  is 
assumed  the  Prime  Contractor  selection  will  occur  between  Phase  B and  Phase 
C/D. 

Qualification  and  acceptance  testing  can  be  anticipated  and  have  been  allowed 
in  the  estimates.  Engineering  will  support  test  and  operations  in  evaluation 
of  tests  and  in  conduct  of  the  mission  under  sustaining  engineering.  The  costs 
associated  with  this  latter  support  is  included  in  the  recurring  unit  and  oper- 
ations costs  while  all  of  Phases  B and  C and  early  Phase  D efforts  are  non- 
recurring RDT&E. 

6. 3. 2. 3 Low-Cost  SEP  Manufacturing  Plan.  Essentially  the  same  manufacturing 
approach  used  for  the  low-cost  OAO-B  will  be  applied  to  the  low-cost  SEO.  How- 
ever, the  SEO  is  fundamentally  a smaller,  siaipler  payload;  for  example:  (l) 

The  precise  alignment  of  the  OAO  telescope  is  not  required;  (2)  the  general 
tolerances  for  boresi^ting  of  sensors  are  relaxed;  (3)  the  SEO  structure  is 
less  complex,  contains  fewer  detail  parts,  and  weighs  less  than  OAO.  The  use 
of  commonly  available  materials  and  standard  shapes  and  sizes  also  reduces 
manufacturing  requirements  and  costs.  The  SEO  production  quantity  and  rates 
justify  reasonably  sophisticated  tooling  to  control  the  alignment,  assembly 
and  attachment  of  the  interchangeable  subsystem  modules,  which  require  easy 
removal  and  installation  (for  orbit  repair  operations) , Considerable  savings 
are  gained  by  using  class  "A”  tooling  (cost  amortized  over  several  units  of 
hardware)  and  in  turn  lowering  the  man-hours  spent  in  fabrication  and  assembly. 
There  are  no  complex  or  sophisticated  structural  manufacturing  problems  that 
would  affect  function  or  schedule. 

Significant  cost  reductions  are  obtained  in  manvifacturing  the  electronic  com- 
ponents (black  boxes)  by  minimizing  material  costs  and  labor  as  a result  of 
standardizing  mounting  compartments  and  mounting  racks,  connectors,  printed 
circuit  boards,  circuitry  elements  and  modules.  The  packaging  density  of  com- 
ponents will  be  reduced  considerably  which  permits  ease  of  assembly,  inspec- 
tion, rework,  etc. 
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6. 3. 2. 4 Lac^-Cost  SEP  Test  Plan.  Prior  approaches  to  low-cost  test  programs 
will  he  used  for  SEO  as  modified  for  its  production  and  schedule  requirements. 
Because  nearly  10  sets  of  components  are  required,  sophisticated,  dedicated 
support  equipments  can  he  justified.  Both  of  these  factors  increase  engineer- 
ing and  equipment  costs  to  permit  reduction  in  recurring  test  costs.  In  addi- 
tion, operational  consistency  provided  by  control  and  standardization  enhances 
the  confidence  in  the  quality  of  subsequent  production  based  upon  one-time 
qualif i cation . 

Although  the  SEO  approach  to  development  testing  is  consistent  with  previous 
low-cost  programs,  the  amount  of  testing  is  reduced  because  there  are  many  off- 
the-shelf  equipments  available  and  new  developments  are  well  within  current 
technology  and  production  capabilities.  For  this  reason,  even  initial  develop- 
ment efforts  are  directed  toward  final  equipment  packaging.  Most  of  the  equip- 
ment for  the  ErV  can  be  procured  to  final  configuration,  and  coinponent  quali- 
fication can  proceed  in  parallel  with  initial  system  integration  tests.  Com- 
ponent qualification  will  develop  hi^  confidence  in  operational  deplq^ent  to 
assure  that  either  the  flight  vehicle  or  on-board  spares  suirvive  the  launch  en- 
vironments with  on-site  maintenance  as  required.  Althou^  formal  qualification 
is  required  for  SEO,  maximum  use  will  be  made  of  previous  tests  and  analyses 
to  substantiate  quality  without  testing.  Where  tests  are  required,  one  unit 
will  suffice. 

The  most  significant  change  on  the  SEO  is  the  subcontracted  photographic  exper- 
iment. The  extent  of  development  requires  that  this  effort  precede  the  basic 
spacecraft  development.  Interface  requirements  between  the  photographic  module 
and  the  spacecraft  are  simple  and  minimum  to  permit  parallel  development.  Even 
so,  the  subcontractor  is  required  to  provide  units  early  in  the  spacecraft  de- 
velopment cycle  to  assure  delivery  capability  and  systems  conpatibility  early 
in  the  program. 

Acceptance  testing  is  consistent  with  previous  low-cost  concepts  which  verify 
quality  at  the  component,  module  and  system  levels.  Because  of  the  delivery 
schedules,  two  system  test  complexes  are  required  to  process  spacecraft  con- 
currently . 
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During  development  environmental  stressing  is  performed  at  the  module  level  to 
take  advantage  of  the  common  modular  interfaces  and  to  perform  concurrent  test- 
ing of  components.  Where  nert'j'  equipments  are  being  developed,  some  environmen- 
tal stressing  is  performed  at  the  component  level  no  reduce  downstream  risk. 

For  qualification  and  acceptance,  environmental  stressing  is  performed  at  the 
component  spacecraft  levels.  Con5)onents  are  essposed  to  thermal  stresses 
and  vibration  environments.  The  spacecraft  is  exposed  to  thermo-vacuum  and 
acoustic  environments. 

Sophisticated,  dedicated  GSE  and  SEE  are  justified  for  SEO  based  on  production 
quantities  and  rates.  STE,  which  is  used  in-house  by  the  contractors,  will  be 
controlled  to  less  formal  procedures  than  G6E  which  is  delivered  to  MSA  for 
operations.  Automatic  test  stations  will  be  used  for  cocponent  and  module 
testing.  System  testing  will  be  accomplished  using  an  automatic,  standardized 
test  station  developed  independently  and  provided  to  the  program  for  a fixed 
users  fee.  The  increased  EDT&E  cost  for  GSE,  STE  and  handling  equipment  is 
offset  by  reductions  in  recurring  cost  achieved  by  simplicity  and  speed  of  op- 
erations. Scheduling  of  end-to-end  testing  by  the  same  test  personnel  for 
sequential  production  permits  effective  learning  carry-over  to  further  reduce 
cost  and  enhance  qmlity.  Functional  test  equipment  is  provided  to  simulate 
interfaces  between  the  spacecraft/ shuttle/ tug  and  spacecraft  system  to  photo- 
graphic experiment. 

6. 3. 2. 5 Low-Cost  SEO  Operations  Plan.  Space  Shuttle  and  tug  operations  are 
independent  of  the  SEO  program  operations  except  during  the  brief  pre -launch 
joint  fli^t  acceptance  composite  tests  (J-FACTS)  and  the  coordination  during 
on-orbit  tests  with  the  Shuttle  orbiter  prior  to  separation.  The  use  of  a 
Standard  Payload  Checkout  Set  installed  in  the  Orbiter  cargo  bay  to  cheek  out 
both  the  tug  and  the  SEO  requires  that  both  be  designed  with  this  capability 
as  a firm  requirement;  the  versatility  and  cost  advantages  are  such  that  this 
requirement  should  be  considered  valid. 

Five  SEO  spacecraft  are  provided  for  a 4- station  system.  Following  the  Ltmar 
Orbiter  precedent,  a backup  launch-ready  spacecraft  has  been  planned  for  each 
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initial-placement  latmeli.  Should  schedules  prove  too  ti^t,  this  requirement 
could  he  waived,  thus  gaining  two  months  for  the  manufacturing,  integration 
and  test  activities.  Because  of  the  repetitive  launches  and  the  need  for  main- 
taining readiness  for  replacements,  the  launch  operations  activity  for  SEO  are 
planned  to  continue  for  the  program  duration. 

A dedicated  control  room  equipped  to  handle  five  SEO  satellites  is  part  of  the 
Mission  Control  Center,  assumed  to  he  located  at  the  GSFG,  Greenhelt,  Maryland. 
Four  existing  HASA  ground  stations  will  each  provide  an  S-hand  two-way  link  to 
its  assigned  SEOj  a fifth,  the  KSC  station,  is  used  for  pre-launch  and  launch 
checkout  and  as  a backup  to  the  Rosman,  Xforth  Carolina,  station  for  LEO  check- 
out. Station  operations  and  communications  from  the  remote  sites  to  MCC  is 
provided  GER  hy  the  MSA  Office  of  Tracking  and  Data  Acquisition.  Some  SEO- 
peculiar  equipment  and  a small  cadre  of  SEO  specialists  will  he  located  at  each 
station,  thus  providing  the  capability  of  continuing  SEO  operations  during  tem- 
porary interruptions  in  the  communications  links  to  the  MCC. 

6. 3. 2. 6 Application  to  Low-Cost  Expendable  Launch* Systems. 


Design.  The  Icn^-cost  SEO,  derived  from  Lunar  Orbiter,  was  first  designed  for 
launch  on  Space  Shuttle/ Space  Tug.  For  SEO,  the  Titan  IHD/Gentaur  was  desig- 
nated by  Aerospace  as  the  new  Low-Cost  Expendable  (LCE)  launch  system.  A re- 
examination of  the  SEO  low-cost  design  indicated  that  only  minor  modifications 
were  required.  The  principal  design  differences  include: 


Addition 

Addition 

Addition 

Addition 

Deletion 

Deletion 


of  Launch  Vehicle/Payload  Adapter 
of  Second  Redundant  Transponder 
of  a Redundant  TWTA 
of  a Separation  Ring 
of  the  Docking  Ring 
of  the  Docking  Reflectors 


6-37 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


Schedule . The  program  master  schedule  was  increased  by  six  months  dxjring  the 
development  phase  (Hiase  D)  to  assure  time  to  accomplish  additional  requisite 
reliability  and  qualification  testing.  An  additional  CJUV  was  added  for  use  in 
this  testing.  The  additional  testing  is  required  to  provide  an  adequate  confi- 
dence level  necessary  in  the  2-year  mission  in  the  expendable  mode.  With  Shuttle 
considerable  testing  was  eliminated  because  of  the  system  confidence  gain  afford- 
ed by  revisit j repair,  and  refurbishment.  The  additional  test  equipment  and 
articles  and  additional  manpower  required,  coupled  with  the  longer  development 
span,  have  increased  program  EDT&E  costs  measurably. 

Manuf ac tur ing . Manufacturing  the  SEO  for  the  Low-Cost  expendable  launch  system 
will  be  practically  the  same  as  for  the  Shuttle/Tug.  Principal  design  changes 
in  the  adapter  and  separation  ring  and  the  added  redundant  components  offer  no 
significant  problems.  Fabrication  and  assembly  of  the  additional  QTV  will  raise 
EDT&E  costs  and  lengthen  the  schedule. 

Testing.  Changes  in  the  approach  to  testing  resulting  from  using  a low-cost, 
expendable  booster  instead  of  Shuttle  are  primarily  caused  by  the  loss  of  pre- 
deployment checkout  and  in-orbit  repair.  To  counteract  the  loss  of  this  fea- 
ture, confidence  in  achieving  successful  deployment  must  be  generated  through 
prior  ground  testing.  In  both  cases,  the  inherent  quality  of  design  and  pro- 
duction is  the  same,  but  the  impact  of  failure  is  less  with  Shuttle  laionches. 
Traditionally,  the  level  of  confidence  has  increased  with  the  amount  and  fid- 
elity of  testing,  and  such  changes  are  implemented  in  the  low-cost,  expendable 
booster  program.  To  this  end,  a Qualification  Test  Vehicle  (QCV)  composed  of 
prototype  equipment  is  required  in  addition  to  the  Development  Test  Vehicle 
(DTV),  which  is  still  planned  for  subsequent  upgrading.  Since  the  tests  were 
previously  planned,  the  cost  iugiact  is  primarily  in  increased  hardware  re- 
quirements. In  addition,  the  adapter  and  separation  system  requires  develop- 
ment, and  increases  in  CDPI  subsystem  equipment  increases  the  complexity  of 
system  testing. 
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Operations . Tlie  basic  operations  plan  is  only  moderately  affected  by  the  sub- 
stitution of  a Titan  IIID/Centaur  for  the  Space  Shuttle  because  the  ground  rules 
called  for  maintenance  of  a flight-ready  backup  spacecraft  in  both  cases.  The 
preflight  operational  checkout  is  more  detailed  and  repetitive  since  a much 
higher  confidence  level  is  required,  and  the  in-flight  post-ascent  shuttle 
checkout  mode  is  not  possible.  Standard  Payload  Checkout  Sets  are  still  appli- 
cable, with  supplementary  stimuli  (i.e.,  horizon  sensor  targets),  possibly  in- 
dicated. The  Titan  uses  the  Integrate-Transfer-Launch  (ITL)  launch  operations 
mode,  with  buildup  in  the  ITL  and  movement  of  the  launch  vehicle  to  Pad  4l  on 
rails.  Installation  of  the  SEO  can  be  accomplished  either  in  the  VIE  or  at 
the  pad,  but  in  either  case  a checkout  van  is  required  to  house  the  payload 
checkout  equipment.  As  with  shuttle,  fli^t  operations  up  to  completion  of 
injection  are  the  responsibility  of  the  transportation  system,  with  the  payload 
(SEO)  in  a standby  mode.  Ascent  tracking  and  readout  of  SEO  telemetry  is  op- 
tional but  not  considered  necessary.  Mission  operations  are  the  same  as  for 
the  Shuttle  mode  following  placement  in  orbit. 

6,3.3  Low-Cost  SRS  Development  Plan 

The  SRS  program  was  planned  for  a two-year  span  from  go-ahead- to  first  launch. 
The  HIGLO  mission  is  to  obtain  two  or  more  years  of  continuous  observation  of 
the  earth's  magnetosphere  in  a polar,  eccentric  sun- synchronous  orbit.  Por  the 
Shuttle  launch,  it  was  planned  that  three  spacecraft  would  be  carried  as  piggy- 
back payloads  dxiring  launch.  In  orbit,  all  three  would  be  checked  out  and  two 
launched.  The  first  would  commence  operation  with  an  expected  lifetime  of  six; 
months.  The  second  spacecraft  would  place  itself  in  a hi^er  orbit  and  would 
go  dormant  for  six;  months  (or  until  required) . Upon  wearout  of  the  first  space- 
craft, the  second  would  be  activated  and  would  continue  the  program  of  observa- 
tions. The  third  (unused)  payload  would  be  returned  to  earth  in  the  Shuttle 
for  later  use. 

The  cost  of  SRS  does  not  lend  itself  to  economical  recovery  and  refurbishment 
from  orbit;  hence  SRS  is  treated  as  an  expendable  payload.  In  the  expendable 
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launch  vehicle  (AGE/LCE)  mode,  two  satellites  are  launched  on  a single  expen- 
dable launch  vehicle.  The  dual  mission  mode  is  virtually  identical  to  the 
Shuttle  mission-mode  except  that  a third  payload,  is  not  available  for  substi- 
tution during  initial  orbit  placement  in  the  event  that  one  failed  to  survive 
ascent. 

As  the  P-11  was  developed  as  a lov7-cost  piggy-back  payload  for  a series  of  ex- 
perimental quick-response  programs,  many  of  the  conventional  MSA  program  man- 
agement and  testing  approaches  were  not  applied.  This  resulted  in  sizable  pro- 
gram cost  savings.  As  similar  program  approaches  were  used  in  planning  the 
low-cost  SRS  program,  potential  users  of  these  data  are  cautioned  that  costs 
for  similar  programs  utilizing  conventional  HASA  and  DOD  program  guidelines 
would  be  greater. 

Cost  saving  design  approaches  developed  for  low-cost  OAO  and  SEO  were  generally 
applied  except  that  use  of  in-fli^t  replaceable  modules  was  not  required.  How- 
ever, modular  arrangement  of  equipment,  for  reducing  manufacturing,  qualifica- 
tion and  testing  costs,  was  used. 

A major  programmatic  variation  is  introduced  by  the  Shuttle  in  that  the  first 
production  spacecraft  is  used  for  qualification  and  reliability  testing  and  is 
subsequently  reworked  to  serve  as  the  fourth  fli^t  article.  This  resulted  in 
a savings  of  approximately  $1.5  million  in  EDT&E  costs.  For  the  expendables, 
a full  Qualification  Test  Vehicle  is  provided  for  qualification  and  reliability 
testing.  The  inclusion  of  this  additional  qualification  hardware  to  the  RDTSE 
phase  would  increase  BDT&E  costs  for  the  Shuttle  program  to  $8.24  million  and 
effectively  reduce  overall  program  savings.  However,  it  is  considered  that  the 
approach  used  is  valid  in  that  it  is  considered  that  no  spare  is  required  in 
the  Shuttle  mode  because  retrieval  from  orbit  is  possible  in  the  event  that  one 
of  the  three  payloads  carried  fails  during  ascent.  In  the  expendable  and  base- 
line modes,  although  the  Qualification  Test  Vehicle  is  not  reworked  to  fli^t 
ready  condition,  it  is  available  as  a spare  flight  article  for  use  in  the  event 
of  failure  of  one  of  the  operational  vehicles.  This  would  require  rework  and 
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acceptance  testing,  however,  and  would  incur  additional  costs  that  are  not  cur- 
rently included  in  the  expendable  configuration  modes. 

Percentage  pavings  are  not  as  large  on  the  SRS  payloads  as  on  the  other  pro- 
grams studied.  This  is  attributable  to  the  fact  that  SRS  baseline  costs  are 
very  lovr  without  payload  effects,  Hot^ever,  savings  were  realized  by  applying 
the  techniques  developed  during  the  study. 

6«3.3»1  how-Cogt  BBS  Program  Schedule . The  SRS  Program  Master  Schedule,  Pig. 
6-h,  depicts  the  major  task  and  subtask  phasing  planned  for  the  Shuttle -launched 
Low-Cost  Small  Research  Satellite.  It  also  shows  task  interrelationships  and 
hardware  flow  for  the  span  of  the  program  throu^  the  launch  of  the  second  pair 
of  spacecraft.  The  plan  is  divided  into  the  five  major  work  elements.  Engin- 
eering, Quality  Assurance,  Manufacturing,  Testing  and  Product  Support.  MSA- 
phased  project  planning  guidelines  were  not  directly  used  in  developing  this 
lovr- cost  payload.  Instead  it  was  assumed  that  program  go-ahead  would  follow 
an  industry  competition.  There  are  three  overlapping  phases  planned:  Design 

and  Development  commences  with  go-ahead  and  ends  with  acceptance  of  the  first 
flight  vehicle.  Production  commences  with  fabrication  and  subassembly  of  fli^t 
payload  nvmiber  1 at  ten  months  after  go-ahead  and  ends  with  the  completion  of 
refurbishment  of  iBW-1  (previously  used  for  qualification  and  reliability  test- 
ing) at  one  month  prior  to  first  launch.  Operations  support  commences  with  ac- 
ceptance of  the  first  payload  to  be  launched  (EIV-2)  and  continues  through  the 
balance  of  the  program. 

6. 3. 3. 2 Low-Cost  SES  Engineering  Plan.  Principal  changes  in  the  engineering 
approach  are  summarized  in  the  ground  rules  in  Section  6.1,3.  Critical  mile- 
stones for  engineering  are  the  submission  and  approval  of  the  preliminary  spe- 
cifications at  two  months  after  go-ahead.  Engineering  and  design  proceeds 
towards  the  submission  of  the  detailed  specifications  at  the  start  of  the  sixth 
month.  At  this  time  the  initial  critical  design  revievr  will  be  conducted. 
Configuration  freeze  occvtrs  nine  months  after  go-ahead  coincident  with  the  start 
of  fabrication  of  ETV-l.  A hard  mockup  will  be  developed  early  In  the  program 
for  use  as  a design  aid.  The  final  critical  design  review ■ occur s at  the 
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thirteenth  month  and  coincides  with  the  submission  of  the  final  specifications 
and  with  the  initiation  of  qualification  and  reliability  testing  on  FTV-1, 
Engineering  and  design  support  to  manufacturing  and  test  continues  through  the 
production  phase.  A small  sustaining  engineering  program  office  will  he  main- 
tained follovring  completion  of  the  design  and  development  phase  to  support  the 
government  in  operating  the  payloads  during  launch  and  mission  operations. 

6 .3.3.3  Low  Cost  SRS  Manufactirring  Plan.  Manufacturing  starts  with  the  fab- 
rication of  the  mockup  and  continues  through  the  refurbishment  of  FTV-1  follo^i'- 
ing  reliability  testing.  Tooling  and  support  equipment  fabrication  starts 
following  the  initial  critical  design  review.  Support  equipment  must  be  com- 
pleted in  time  to  support  final  payload  assembly  and  acceptance  testing.  Pinal 
assembly  spans  are  shortened  because  of  the  modular  design  of  the  low-cost  SRS. 
Fabrication  and  assembly  time  for  electronic  components  is  shortened  due  to  the 
low-density  packaging,  Pfoeurement  starts  early  in  the  program  for  mockup  mater- 
ials, Long-lead  hardware  procurement  starts  at  initial  CDR. 

6. 3. 3. 4 Low-Cost  SRS  Test  Plan.  Testing  commences  with  development  testing 
in  support  of  the  payload  subsystem  designs . Development  testing  will  contin- 
ue throu^  to  configuration  freeze  at  nine  months.  Qualification  and  relia- 
bility (lifetime)  testing  continues  for  six  months  and  ends  coincident  with  the 
start  of  acceptance  testing  on  FTV-2.  Acceptance  testing  will  include  system 
verification,  interface  verification  with  the  Shuttle  and  its  on-board  check- 
out system,  anechoic  testing,  magnetic  cleanliness  testing,  acoustic  testing 

at  the  Shuttle  ascent  environment  levels,  experiment  interface  testing  and 
full  thermal-vacuum  testing.  Integration  of  the  experiment  package  will  occur 
during  final  assembly  and  the  experiment  package  will  undergo  complete  testing 
with  the  spacecraft.  Delivery  of  experiment  packages  must  coincide  with  this 
schedule  as  is  shown  in  the  Master  Schedule, 

Following  acceptance  testing,  the  final  acceptance  design  review  is  scheduled 
and  the  acceptance  data  package  is  delivered.  Coincident  with  the  final  ITV-2 
acceptance  review,  the  First  Ajrticle  Configuration  Inspection  (FACI)  will  be 
conducted.  FACI  has  the  objective  of  comparing  the  deliverable  hardware  to 
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the  design  drawings  and  specifications.  The  testing  phase  concludes  with  the 
acceptance  testing  of  the  reworked  FTV-1. 

6.3 .3.5  Low-Cost  SRS  Operations  Plan.  As  stipulated  in  the  ground  rules  and 
consistent  with  the  practice  on  P-11,  operations  are  conducted  by  the  government 
with  support  from  the  program  office.  No  direct  contractor  participation,  ex- 
cept as  required  to  support  the  government , is  planned  for  launch  operations . 

As  experiment  data  can  be  easily  recorded  for  delivery  to  the  users,  and  as  the 
payload  is  relatively  easy  to  control,  mission  operations  support  by  the  con- 
tractor is  limited  to  an  advisory  capacity.  Procedures  for  launch  operations 
and  checkout  and  for  mission  operations  will  be  developed  during  the  develop- 
ment phase  and  delivered  to  the  government  at  the  first  acceptance  design  re- 
view. 


6. 3. 3. 6 Application  to  Low-Cost  Expendable  Launch  Systems . As  the  baseline 
P-11  spacecraft  could  not  supply  all  of  the  required  support  to  the  HIGLO  mis- 
sion in  terms  of  stabilization  method,  attitude  control,  power  availability 
and  ccmmunications  capacity,  modifications  to  the  designs  were  required.  These 
design  changes  were  made  with  the  support  of  the  P-11  program  designers  and 
are  described  in  Section  5.^.  Changes  to  the  Shuttle  launched  SRS  for  launch 
by  ACE/LCE  include  the  provision  of  a launch  vehicle/SRS  adapter,  addition  of 
an  auxiliaiy  fli^t  control  electronics  unit  to  backup  the  primary  attitude 
sensing  equipment  and  to  increase  confidence  in  mission  success  lost  by  not 
being  able  to  checkout  the  payload  in  orbit.  Eedundant  equipment  were  added 
to  the  CDP&I  and  the  Electrical  subsystems  to  improve  overall  reliability  for 
the  same  reasons. 

I 

The  principal  change  in  program  planning  was  the  addition  of  a separate  Qual- 
ification Test  Vehicle  (QTV)  to  the  expendable  program.  Besides  providing  ad- 
ditional confidence  in  the  design  and  operation  of  the  payload,  it  could  serve 
as  a backup  ETV  with  rework.  This  backup  is  not  necessary  with  the  Shuttle  as 
a malfunctioning  payload  could  be  retrieved  from  orbit  prior  to  deployment  and 
mission  commitment.  It  is  not  planned  that  the  SRS  could  be  retrieved  in  the 
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Shuttle  mode,  however,  retrieval  could  he  possible  dviring  placement  of  subse- 
quent payloads  providing  there  is  no  interference  with  primary  payload  opera- 
tions. 

Production  and  testing  of  the  ^CV  would  take  place  at  the  time  indicated  in  the 
SRS/ Shuttle  Schedule  (Pig.  6-4)  for  mamrf acture , assembly  and  qualification 
testing  of  Shuttle  ITV-1.  The  overall  schedule  effect  would  be  to  extend  the 
production  and  test  phase  one  month  with  the  completion  of  acceptance  of  the 
fourth  PTV  at  25  months.  Por  the  expendable  mode,  some  schedule  slips  on  ITV 
3 & 4 are  permissible  as  only  two  are  required  for  initial  launch  instead  of 
three  as  indicated  for  Space  Shuttle. 

6.3.4  Recosted  Baseline 

In  order  to  provide  visibility  into  the  magnitude  of  the  payload  effects  and 
to  provide  additional  data  to  support  the  credibility  to  the  study  results, 

MSA  requested  the  study  to  recost  the  baseline  OAO-B  and  SEO  programs  to  the 
same  level  of  detail  as  the  low-cost  programs  were  estimated.  Specific  ground  _ 
rules  for  this  recosting  were  approved  by  3SASA,  plans  and  schedules  were  devel- 
oped, and  program  costs  were  estimated. 

This  section  cutlines  the  ground  rules  and  presents  the  resulting  schedules. 
Development  hardware  was  summarized  in  Pig.  6-1.  The  costs  are  summarized  in 
Section  6,4  and  coBrpared  with  the  low-cost  estimates  in  Section  6.5. 

The  agreed  groundrules  are  summarized  below; 

6.3 .4.1  OAO-B  Recosted  Baseline  Ground  Rules  and  Schedule.  The  groundrules 
for  the  recosting  of  OAO-B  baseline  were: 

® Baseline  OAO  mission  and  experiment  objectives  are  unchanged. 

• Configuration  of  flight  spacecraft  (PTV)  will  be  identical  with  the 
baseline  OAO-B  as  launched;  there  will  be  no  changes  in  design  nor 
application  of  1970  state-of-the-art  improvements. 
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« All  price  estimates  vill  be  made  iising  average  contractor  rates  and 
1970  dollars. 

© MSA  phased  project  planning  guidelines  (ifflB  7121,2)  will  apply. 

The  program  will  commence  with  Phase  B. 

© A prime  aerospace  contractor  will  conduct  the  program  under  the 
direction  of  a MSA  project  office. 

® Giovernment  furnished  equipment,  facilities  and  services  include: 
launch  vehicles,  exit  fairings,  launch  services,  control  center 
services,  STADAN  services,  MSCOM,  and  use  of  the  MSA  operational 
computer. 

® The  launch  vehicle  is  the  SLY-3C/Centaur. 

® A single  primary  PTV  will  be  built,  tested,  delivered  and  launched. 

0 A Qualification  Test  Vehicle  (QIV)  will  be  fabricated  and  used  for 
development  and  qualification  testing  and  will  serve  as  a backup  FTV 
following  modifications . Development  and  qualification  testing  will 
be  done  at  contractors  facility. 

® Ground  support  ahd  mission  support  equipment  equivalent  to  baseline 

I 

will  be  developed. 

® All  comijuter  programs  will  be  considered  new  developments.  Software 
will  be  developed  to  a degree  of  equivalence  to  that  produced  during 
the  baseline  program, 

© Planning,  reporting  and  management  procedures  will  be  consistent  with 
current  MSA  practice  for  unmanned  R&D  space  missions.  Quality  as- 
surance and  reliability  programs  will  be  consistent  with  HHB  5300,4 
(A&B) . 
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• The  easier  ament  development  is  part  of  the  overall  development  and 
will  be  costed  on  the  same  basis. 

o There  will  be  two  additional  complete  sets  of  flight-type  components 
provided;  one  for  component  qualification  and  one  for  component  re- 
liability testing.  Also^  a set  of  development  hardware  comprising 
those  conponents  that  are  new  developments  (not  off-the-shelf)  will 
be  provided  for  development  test. 

o A structural  test  article  will  be  built. 

0 A second  structural  test  article  will  be  fabricated  for  subsequent 
rework  and  assembly  as  the  Qualification  Test  Vehicle  (QTV)  . This 
test  article  will  initially  serve  as  a Development  Test  Vehicle  (DTV)  . 

9 All  program-developed  GSE  and  MSE  for  support  of  launch  and  mission 
operation  will  be  deliverable  items  and  will  undergo  acceptance 
testing. 

0 Spares  and  logistics  costs  will  be  calculated  on  the  same  basis  as 
the  low-cost  OAO-B. 

9 The  ETV  acceptance  will  be  accomplished  at  the  Contractor’s  Facility: 
The  FTV  will  be  shipped  to  ESC  for  laxinch.  This  is  a sizable  varia- 
tion from  the  OAO-B  plan  wherein  the  FTV  was  shipped  to  GSFC  as  GBTI 
for  final  ejjperiment  integration,  completion  of  qualification  test- 
ing and  integrated  ^sterns  and  environmental  testing.  Costs  for 
these  in-house  GSFC  operations  will  not  be  shown,  but  will  be  re- 
placed- by  equivalent  coasts  for  contractor  in-house  operations, 

• GSE,  MSE,  and  computer  programs  will  be  delivered  to  the  using  loca- 
tion for  testing,  validation  and  government  acceptance. 
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• The  backup  FTV  (QJIJV)  will  he  retained  at  the  contractor's  facility- 
in  flight  ready  status  for  a maximum  of  3 months  after  la-unch  for 
subsequent  government  direction/disposition, 

• Contractor  support  -will  continue  throu^  the  fli^t  operation  phase. 
(One  year  subsequent  to  launch) . 

• KA.SA  project  and  project  support  (OT&DA)  personnel  costs  are  not 
included. 

® Prime  contractor  fee  will  not  be  included. 

• The  costs  include  all  elements  shown  in  the  low-cost  OAO-B  costs. 

The  schedule  resulting  from  the  recosted  baseline  analysis  is  provided  in 
Pig.  6-5. 

6. 3. 4, 2 SEP  Becosted  Baseline  Ground  Rules  and  Schedule.  The  groundrules  for 
the  recosting  of  the  SEO  Baseline  were: 

• Baseline  SEO  mission  and  experiment  objectives  are  -unchanged. 

• Configuration  of  flight  spacecraft  (FTV)  will  be  as  close  as  possible 

to  the  baseline  Lunar  Orbiter  with  changes  only  as  dictated  by  the 
SEO  mission-  there  will  be  no  changes  in  design. nor  application  of 
1970  state-of-the-art  improvements:  spacecraft  design  emphasizes 

hi^  reliability,  long  life  and  minimum  weights. 

• All  price  estimates  will  be  made  using  average  contractor  rates  and 
1970  dollars. 

• MASA  phased  project  planning  guidelines  (EHB  7221.2)  will  apply. 

The  program  will  commence  with  Phase  B. 
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® A prime  aerospace  contractor  ■will  conduct  the  program  under  the 
direction  of  a HA.SA  project  office. 

• Government  furnished  equipment,  facilities  and  services  include: 
launch  vehicles,  exit  fairings,  launch  services,  control  center 
services,  SIADAN  services,  MSCOM,  and  use  of  the  MSA  operational 
center, 

e The  launch  vehicle  is  the  SLV-3C/Centaur/Burner  II. 

0 Four  primary  flight  test  vehicles  (FTV)  -will  he  huilt,  tested, 
delivered,  and  launched  at  two  month  intervals.  Also,  one  addi- 
tional ITV  will  he  huilt,  tested,  and  delivered  as  a backup 
vehicle. 

e Two  qualification  test  vehicles  (OTV)  will  he  fabricated  and 
used  for  qualification  testing.  Also  a hard  mockup  and  2 struc- 
tural test  articles  (SIA)  will  he  huilt. 

« 3 se'ts  of  ground  support  equipment  will  he  developed  with  2 being 
utilized  for  factory  testing  and  the  third  for  support  of  launch 
operations  (the  latter  is  included  in  the  recurring  unit  costs) . 

© All  computer  programs  will  he  considered  new  developments.  Soft- 
ware will  he  developed  to  a degree  of  equivalence  to  that  produced 
during  the  baseline  program. 

• Planning,  reporting  and  management  procedures  will  he  consistent 
with  current  MSA  practice  for  unmanned  ESD  space  missions. 

Quality  ass'urance  and  reliability  programs  ■will  he  consistent 
with  HHB  5300. il-  (ASB). 

• The  experiment  development  is  part  of  the  overall  development 
program.  Similar  to  Lunar  Orhiter,  the  responsibility  is  assigned 
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to  a camera  subcontractor.  In  addition  to  the  five  flight  cameras 
and  the  two  qualification  cameras,  three  prototype  cameras  will  be 
built  by  the  camera  contractor. 

s There  will  be  three  additional  complete  sets  of  flight-type  com- 
ponents provided;  one  for  component  qualification,  one  for  component 
reliability  testing,  and  one  for  development  testing. 

® Mission  support  equipment  will  be  developed  identical  to  those  for 
the  low-cost  design. 

® All  program-development  GSE  and  MSE  for  support  of  launch  and 

mission  operation  will  be  deliverable  items  and  will  undergo  accep- 
tance testing. 

© Spares  and  logistics  costs  will  be  calculated  on  the  same  basis  as 
the  low-cost  SEO. 

© The  ITV  acceptance  will  be  accomplished  at  the  contractor's  facility 
the  5TV  will  be  shipped  to  KSG  for  launch. 

® Contractor  support  will  continue  through  the  fli^t  operation  phase. 
(Two  years  subsequent  to  launch  of  the  first  spacecraft.) 

© NASA  project  and  project  support  (OT&DA)  personnel  costs  are  not 
included. 

® Prime  contractor  fee  will  not  be  included. 

o The  costs  will  include  all  elements  shown  in  the  low-cost  SEO  costs. 

The  schedule  resulting  frcm  the  recosted  SEO  baseline  analysis  is  shown  in 
Fig.  6-6.  ! 
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6.4  COST  SUMMARIES  AM)  COMPARISONS 


The  cost  estimates  are  presented  for  the  OAO-B,  SEO,  and  SRS  payloads.  Shuttle 
or  expendable  launched.  The  recosted  baseline  data  for  the  OAO-B  and  SEO  are 
included  in  detail.  For  the  SRS,  adjusted  baseline  costs  are  shown.  SRS  was 
not  subjected  to  the  complete  recosting  as  were  the  previous  two  spacecraft. 

Included  in  the  results  are  comparisons  between  the  baseline  and  the  low-cost 
payload  cost  estimates  and  time-phased  annual  funding  for  these  payloads. 

Since  the  SRS  payload  was  subjected  to  less  concentrated  analysis,  funding 
spreads  were  not  prepared.  Furthermore  the  SRS  cost  estimates  are  not  presen- 
ted to  the  same  level  of  detail  as  OAO-B  and  SEO. 

6.4.1  OAO-B  Cost  Estimates 

The  OAO-B  payload  costs  represent  the  total  development  and  operation  of  one 
fli^t  spacecraft  for  a one-year  program  duration. 

6. 4. 1.1  Shuttle-Launched  OAO-B.  Figures  6-7  and  6-8  show  the  Icw-cost  OAO-B 
estimates  for  the  Shuttle -launched  case.  The  RDT&E  cost  of  $84M  represents 
complete  payload  development  including  a Shuttle -sortie  fli^t  test  costing 
$5M.  The  recurring  costs  shown  are  for  a single  unit  production  $15  .8M,  and 
one  year  mission  operations  of  $5.3^* 

The  cost  breakdovm  by  subsystem  is  in  Fig.  6-7  with  the  functional  cost  break- 
down shown  in  the  Payload  Summary,  Fig.  6-8.  All  costs  shown  are  in  1970  dol- 
lars and  include  costs  non-allocated  to  a subsystem.  In  the  development  of 
these  data  functional  cost  breakdowns  by  individual  subsystems  were  produced, 
but  are  not  included  herein. 

Figures  6-9  and  6-10  present  the  time-phased  costs  for  the  OAO-E/Shuttle.  Both 
the  annual  , funding  and  totals  by  development  phase  are  shown  spread  over  a 
planned  ^ year  span  including  one  year  of  operations. 
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SUBSYSTEM  COST  ESTIMATES  EOR  LOW-COST  PAYLOADS 
(1970  $ THOUSAHDS) 
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DETAILED  COST  AIIOCATIOW  TO  EACH  SUBSYSTEM 
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By  Year 


Year 

Total 

JJon- 

Recurring 

Recurring 

Unit 

Recurring 

Operations 

-5  (6  mos.) 

$ 29U8 

$ 2948 

- 

- 

-ii. 

7684 

7684 

- 

- 

-3 

30722 

29639 

$ 1083 

- 

-2 

34651 

28642 

6009 

- 

-1 

25802 

15119 

8722 

1961 

-1 

3388 

... 

3388 

Total 

$105,195 

$ 84032 

$15,8i4 

$ 5349 

By  Fhase 

B (9  mos.) 

4,577 

4,577 

- 

- 

C (12  mos.) 

31,221 

30,679 

542 

- 

(3  mos.) 

5,556 

5,015 

54i 

- 

D (36  mos.) 

63,841 

43,761 

14,731 

5349 

Total 

.$105,195 

$84,032 

$15,814 

$ 5349 

Fig.  6-9  OAO-B  Shuttle  Funding  (1970  $ Thousands) 
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Years  from  Launch 

LOW  C0$T0AQ-B  ANNUAL  FUNDING 
(Space  Shuttle -Launched) 

Fig.  6-10 
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6. 4. 1.2  Expeadable-Launched  OAQ-B.  The  lov^-Gost  expendable  (LCE)  OAO-B  cost 
estimates  are  summarized  in  Eig.  6-11  and  6-12.  The  RDT&E  cost  is  estimated 
at  $89. 4m,  the  "unit  payload  cost  at  $19. IM,  and  one  year  operations  at  $6.7M, 
restilting  in  a total  program  cost  of  $115. 2M.  This  represents  an  increase  of  _ 
$10M  over  the  Shuttle -launched  OAO-B  and  is  attributable  to  more  extensive  de- 
velopmental testing,  increased  component  redrindancy,  and  related  higher  en- 
gineering design  and  sustaining  costs.  Product  assurance  costs  are  38  percent 
higher  than  in  the  Shuttle  case  and  engineering  costs  are  12  percent  higher. 

The  time-phased  funding  for  the  low-cost  expendable/alternate  current  expen- 
dable (IiGE/ACE)  OAO-B  is  shown  in  Pigs.  6-13  and  6-l4.  The  total  program  time 
span  is  the  same  as  for  the  Shuttle  case,  with  the  annual  funding  peaking  at 
$4oM  in  year  2 prior  to  launch. 

6. 4. 1.3  Recosted  Baseline  OAO-B.  To  assure  a valid  basis  for  comparison  of 
low-cost  and  baseline  OAO-B  costs,  the  baseline  OAO-B  configuration  was  re- 
costed. To  maintain  consistency  in  cost  classification  and  provide  a direct 
means  of  subsystem  cost  savings  derivation,  the  same  costing  methodology,  cost 
factors,  rates,  and  assumptions  were  used  to  cost  the  historical  baseline  con- 
figuration as  the  low-cost  derivatives. 

The  program  was  structured  as  closely  as  possible  to  the  manner  in  which  it  was 
originally  executed.  Consistency  with  the  cost  structure  was  maintained.  Ac- 
tual subcontract  and  purchased  equipment  costs  were  gathered  from  the  original 
OAO  suppliers  and  subcontractors  where  possible. 

Pigure  6-I5  shows  costs  for  the  recosted  QAO-B  baseline  by  subsystem.  In  total 
the  costs  are  in  agreement  with  the  historical  costs  converted  to  1970  dollars. 
However,  there  was  considerable  redistribution  by  cost  categoiy  and  subsystem 
due  to  the  fact  that  original  baseline  costs  were  not  collected  at  the  subsys- 
tem level  and  bad  been  allocated  rather  arbitrarily  into  non-recurring  and  re- 
curring categories. 
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SUBSYSTEM  COST  ESTIMATES  EOR  LOW-COST  PAYLOADS 
(1970  $ THOUSAMDS) 
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DETAILED  COST  AliOCATIOlT  TO  EACH  SUBSKTEM 
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By  Year 

Year 

-5 

-4 
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-2 

-1 
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C 
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Fig,  6-I3  OAO-B  LCE/ACE  Funding  (l970  $ Thousands) 
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SUBSYSTEM  COST  ESTIMATES  FOR  LOW-COST  PAHiOADS 
(1970  $ THOUSANDS) 
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The  recosted  haseline  OAO-B  was  costed  at  the  same  level  of  detail  as  the  low- 
cost  OAO-B,  The  Payload  Summary  in  Pig.  6-16  shows  the  functional  cost  aggre- 
gation, which  results  in  $168M  Ei^T&E  cost,  $32M  unit  cost,  and  $11M  ooperations 
cost . 

The  recosted  "baseline  OAO-B  program  costs  were  time  phased  over  a 6-year  period 
as  shown  in  Pig.  6-I7  and  6-I8.  A normal  development  time  span  was  assumed, 
resulting  in  two  peal:  funding  years  at  over  $60M  during  second  and  third  years 
prior  to  launch. 

6.4,l.li-  OAO-B 'Program  Cost  Comparison.  The  results  of  OAO-B  cost  estimating 
are  tabulated  by  subsystem  in  Pig.  6-I9.  Both  the  original  baseline  costs  _and 
the  recosted  OAO-B  payload  costs  are  shown  for  comparison  with  the  Shuttle- 
launched  and  the  LCE  estimates. 

The  analysis  of  cost  savings  by  subsystem  and  major  cost  category  is  shown  in 
Pig.  6-20.  These  cost  savings  were  derived  using  the  recosted  baseline  and 
result  in  45  percent  and  50  percent  savings  in  OAO-B  program  costs  for  the  LCE 
and  Shuttle -launched  cases,  respectively.  The  greatest  savings  appear  in  the 
Stabilization  and  Control  (SCS),  CDP&I  (TTScC),  and  Environmental  Control  Sub- 
systems. The  SCS  and  CDPStI  savings  are  due  to  use  of  fewer  and  simpler  com- 
ponents permitted  by  the  technology,  and  availability  of  greater  volume  and 
weight  for  the  payload.  The  environmental  control  savings  are  due  to  use  of 
passive  techniques  and  thermal  control  of  entire  equipment  section  as  opposed 

I 

to  individual  modules.  The  30  percent  plus  savings  in  structures,  experiments, 
and  electrical  subsystems  are  primarily  due  to  relaxed  wei^t  and  volume  con- 
straints in  the  low-cost  designs,  resulting  in  decreased  equipment  density, 
and  "ruggedized"  manufacturing. 

Another  comparison  of  OAO-B  costs'  is  made  in  Pig.  6-21.  Here  the  costs  are 
compared  by  major  cost  category  and  element.  The  major  savings  in  equipment/ 
parts  column  bear  out  the  conponent  simplification  and  reduction  conclusion. 

The  material  costs  also  show  substantial  savings  due  to  use  of  cheaper,  heavier 
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DETAILED  COST  ALLOCATION  TO  EACH  SUBSYSTEM 
( 1970  $ THOUSANDS) 
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By  Year 
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6-17  Recosted  OAO-B  Funding  (l970  $ Thousands) 
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Fig.  6“18  Recosted  Baseline  OAO-B  Annual  Funding 
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Subsystem 

EECOSTED  BASELUffi  VS  LCE 

EECOSTED  BASELIEE  VS  SHUTTLE 

EDTSiE 

Unit 

Ops. 

Total 

EDT&E 

Unit 

Ops. 

Total 

Experiments 

35lo 

l4fs 

5lfo 

33I0 

3l1o 

l&lo 

r 

62f« 

srfo 

Struct,  85 
Mech. 

33 

9 

13 

30 

39 

18 

62 

38 

Electrical 

34 

5 

28 

35 

22 

1 

32 

Stab.  & 
Control 

60 

59 

56 

59 

63 

67 

67 

64 

Attitude 

Control 

8 

(-3) 

l4 

6 

12 

6 

l4 

11 

CDPI 

44 

47 

24 

43 

46 

60 

31 

47 

Env. 

Control 

39 

54 

43 

42 

42 

60 

77 

47 

Total* 

hafo 

39lo 

h5i 

51^^ 

5l/» 

50i 

* Adapter  & ITon-Allocated  costs  included. 


Fig.  6-20  io  Cost  Savings  by  Subsystem  for  OAO-B 
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15122* 

$ 167664 
89410 
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22/0 

29/. 

40^0 

hrio 

22$ 

46fo 

55?o 
60%  • 

32P!o 

lUo 

\nio 

50% 

Unit 

Baseline 

LCE 

Shuttle 

8549 

6ll4 

5135 

2625 

2660 

2128 

2015 

2588 

2153 

612 

273 

238 

I8l64 

7500 

6160 

31965 

19135 

15814 

io  Savings 

LCE 

Shuttle 

28^0 

4o^o 

-28^0 

- n 

59io 

61% 

aio 

koi$ 

51% 

Operations 

Baseline 

LCE 

Shuttle 

8259 

4539 

3224 

- 

- 

- 

2733 

2130 

2125 

10992 

6669 

5349 

io  Savings 

LCE 

Shuttle 

k5i 

Glio 

” 

- 

- 

22^0 

22$ 

39$ 

51$ 

Total 

Baseline 

LCE 

Shuttle 

97374 

73294 

65474 

12628 

8710 

7430 

12824 

11058 

8015 

2173 

975 

869 

85622 

21177 

23407*- 

210621 

115214 

105195 

io  Savings 

LCE 

Shuttle 

25i 

33% 

4i% 

iki 

31% 

5% 

60% 

15$ 

13$ 

45^ 

50$ 

Fig.  6-21  OAO-B  Functional  Cost  Comparison  & io  Savings  (1970  $ Thousands) 

*Note:  Includes  Shuttle  Sortie 

Plight  Test  at  $5  M, 
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materials.  The  negative  savings  shown  in  the  unit  cost  product  assurance  (PA.) 
are  due  to  more  extensive  testing  at  the  unit/production  levels  as  opposed  to 
the  R8eD  developmental  testing  (i.e.,  eliminated  structural  test),  and  the  ef- 
fect of  module  level  testing  (particularly  for  the  expendable  case) . In  the 
Shuttle  case,  PA  is  relaxed,  but  still  higher  than  in  the  baseline  since  module 
are  utilized.  The  negative  savings  effect  of  module  manufacturing  appears  unde 
LCE  unit  -manufacturing,  where  higher  modular  construction  cost  slightly  overcoi 
the  wei^t/volume  savings. 

Further  in-depth  comparisons  and  cost  savings  analysis  for  the  payloads  studies 
are  treated  in  Section  6,5. 

6. if. 2 SEP  Cost  Estimates 

The  SEP  payload  is  a Lunar  Prbiter  derivative  Including  as  its  major  e2cperimeni 
the  Lunar  Prbiter  photo  csonera  package  and  two  additional  AVCS  TV  cameras.  The 
basic  SEP  program  consists  of  four  spacecraft  in  orbit  for  a two-year  mission 
period  plus  one  additional  spacecraft  as  the  backup  vehicle. 

6. 4. 2.1  Shuttle -Launched  SEP.  The  costs  by  subsystem  for  the  Shuttle-launchec 
SEP  are  presented  in  Pig.  6-22.  Payload  development  cost  is  shown,  followed  bj 
an  average  unit  cost,  then  two  year  operations  costs  for  four  on-orbit  space- 
craft, and  the  total  program  cost,  which  includes  five  spacecraft  and  two  sets 
of  non-redundant  spare  modules  in  support  of  the  SEP  program. 

The  experiment  subsystem  EDT&E  and  unit  costs  are  shown  broken  down  for  the 
photo  package  subcontract,  the  AVCS  camera,  and  the  prime  contractors  integra- 
tion costs.  In  the  payload  summary.  Fig.  6-23,  the  AVCS  development  cost  of 
$12M  is  carried  as  a single  entry,  since  no  functional  breakdown  was  available 
for  this  cost  obtained  from  MSA, 

The  SEP  functional  cost  summary  shows  the  EDT&E  cost  breakdown,  the  single  unli 
cost  breakdown,  and  the  two-year  operations  cost  for  four  units.  Note  that  th« 
total  column  in  Fig.  6-23  does  not  represent  the  total  program  cost  of  Fig.  6~c 
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This  is  because  the  data  in  Fig.  6-22  includes  5 payloads  and  spare  modules. 

The  Shuttle  ^launched  SEO  total  program  cost  of  $159»6M-was  time-phased  over  a 
5|-year  time  span  as  shewn  in  Fig.  6-24  and  plotted  in  Fig,  6-25. 

6. 4. 2. 2 Expendable -Launched  SEO.  Figures  6-26  and  6-27  present  the  subsystem 
cost  breakdown  and  the  functional  cost  breakdown  for  the  LCE  SEO,  respectively. 
The  total  program  cost  for  the  esspendable-launched  SEO  includes  5 spacecraft, 
four  two-year  unit  operations,  and  development  cost,  resiolting  in  $l68.2M  total. 
Spare  non-redundant  modules  are  not  included  in  the  expendable  case.  The  ex- 
periment subsystem  is  similarly  treated  as  for  the  SEO/Shuttle  case  and  the 
functional  cost  breakdown  is  also  in  the  same  format. 

The  expendable-launched  SEO  funding  is  spread  over  a 6 year  time  period  includ- 
ing the  two  operating  years.  Figures  6-28  and  6-29  show  the  time-phased  cost 
tabulation  and  plot,  respectively. 

6. 4. 2. 3 Recosted  Baseline  SEO.  Since  the  SEO  is  a synthesized  payload  de- 
rived from  the  Lunar  Orbiter,  the  original  baseline  SEO  cost  estimates  were 
also  synthesized  from  the  Lunar  Orbiter  costs  and  use  of  cost  estimating  re- 
lationships. The  Lunar  Orbiter  was  a short  mission  duration  spacecraft  in  re- 
lation to  the  two  year  SEO,  thus  with  the  addition  of  redundant  components  and 
mission  extension  to  two  years,  the  synthesized  SEO  baseline  costs  needed  to  he 
reexamined. 

The  baseline  SEO  configuration  was  recosted  in  detail  using  the  "bottom  up" 
pricing  technique,  same  as  for  the  baseline  OAO-E  and  the  low-cost  payloads. 

The  resulting  cost  estimates  by  subsystem  are  shown  in  Fig.  6-30.  The  total 
program  cost  of  $202. 6M  is  based  on  5 spacecraft  and  two-year  operations  for 
four  on-orbit  spacecraft  and  the  $120. QvE  development  cost.  The  experiment 
subsystem  is  treated  in  the  same  manner  as  in  the  lew-cost  SEO, 

Figure  6-31  provides  the  summary  functional  cost  breakdown  of  the  recosted 
baseline  SEO  EDT&E,  unit,  and  operations  costs.  The  total  in  this  figure  is 
shown  for  cross-checking  purposes  only,  since  it  does  not  include  the  _ other 
four  spacecraft  needed  by  the  total  program. 
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By  Year 


Year 

Total 

Eon- 

Recurring 

Recurring 

Units 

Recurring 

Operations 

-4  (6  mos) 

5159 

5159 

-3  (6  mos) 

20624 

18782 

1842 

-2 

58083 

46741 

11342 

- 

-1 

56687 

14476 

39700 

2511 

+1 

14884 

542 

8191 

6151 

+2 

4106 

4l06 

Total 

$ 

$ 85700 

$ 61075 

$ 12768 

By  Rhase 

B (6  mos)  5159 

5159 

C (12  mos)  48494 

42860 

5634 

- 

D (42  mos)  105890 

37681 

55441 

12768 

Total  $ 159543 

$ 85700 

$ 61075 

$ 12768 

Fig.  6-24  SEO/Shuttle  Funding  (1970  $ Thousands) 
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Fig.  6-25  Low  Cost  SEO  Annual  Funding  (Space  Shuttle -Launched) 
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Year 

Total 

Non- 

Recurring 

Recurring 

Recurring; 

Units 

Operations 

-k  {6  mos) 

$ 4838 

$ 4838 

$ - 

$ 

-3 

41689 

40172 
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- 

-2 

52299 

41228 

10671 

4oo 

-1 
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11209 
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+1 

15494 

542 

8244 

6708 

+2 

4l06 

4io6 

Total 

$ 168211 

$ 97989 

$ 55845 

$ 14377 

By  Phase 

B (6  mos) 

4838 

4838 

_ 

C (l2  mos) 

41689 

40172 

1517 

- 

D (48  mos) 

121684 

—^2979 

54328 

14377 

Total 

$ 168211 

$ 97989 

$ 55845 

$ 14377 

iFig,  6-28  SEO  ACE/LCE  Funding  (l970  $ Thousands) 
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DETAILED  COST  ALLOCATION  TO  EACH  SUBSYSTEM 
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Tlie  recosted  baseline  SEO  was  funded  over  a 6-jrear  period,  k years  developmen- 
tal and  2 years  of  operations.  Figures  6-32  and  6-33  show  the  annual  funding 
required  and  the  plot  thereof. 

6, 4. 2, 4 SEO  Cost  Oomparison.  The  SEO  RDT&E,  unit,  and  operations  cost  esti- 
mates for  the  cases  studied  are  summarized  for  comparison  pvirposes  in  Fig. 
6-34.  The  original  baseline  costs  are  shown  for  reference  only,  since  all 
savings  coraparisons  were  made  with  respect  to  the  recosted  baseline  SEO. 

Figure  6-35  shows  the  percentage  cost  savings  by  subsystem  for  the  EIT&E,  unit 
operations,  and  total  program  costo  At  the  total  level,  savings  in  costs  are 
21  percent  for  the  Shuttle -launched  SEO  and  I7  percent  for  the  LCE  SEO.  At 
the  individual  subsystem  level,  the  largest  savings  appear  in  the  structures 
subsystem,  followed  by  the  Stabilization  & Control  Subsystem.  The  cost  reduc- 
tion in  structures  is  due  to  use  of  low-cost  materials  and  simple,  rectangular 
box  design  with  drawer-like  modules.  The  structiore  is  fabricated  from  commer- 
cial grade  -aluminum,  not  requiring  elaborate  machining  and  milling  during  man- 
ufacturing, nor  any  structural  testing.  The  SCS  subsystem  savings  result  from 
less  elaborate  electronics,  such  as  combining  two  flight  electronics  control 
assemblies  into  a single  package  and  removing  the  Polaris  star  trackers.  The 
simpler,  rigidized,  electronics  require  considerably  less  testing  and  PA  sup- 
port effort  as  well  as  simpler  manufacturing. 

The  negative  savings  in  the  ICE  attitude  control  subsystem  result  from  use  of 

a large  subsystem  to  control  the  much  heavier  (l72  percent)  spacecraft.  In 

the  expendable  case  this  subsystem  is  subjected  to  expensive  unit  acceptance 

testing,  which  is  not  overcome  by  the  low-cost  manufacturing  technique  savings 

The  10  to  20  percent  savings  in  the  other  subsystems  result  from  the  low-cost 

design,  manufacturing,  and  test  approaches  used  in  the  low-cost  SEO  programs. 

1 

Functional  I cost  conparison  of  the  SEO  is  shown  in  Fig.  6-36,  The  comparison 
is  made  for  the  RDT&E  cost,  the  single  unit  cost,  four  unit  two  year  opera- 

I 

tions  costs,  and  the  total  of  the  above  by  major  cost  element.  As  shown,  the 
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By  Year 
Year 

Total 

Ron- 

Recurring 

Recurring 

Units 

Recurring 

Operations 

-if 

$ .7352 

$ 7352 

$ - 

$ - 

-3 

47367 

45850 

1517 

- 

-2 

62139 

50299 

11320 

520 

-1 

62579 

16782 

42462 

3335 

+x 

18521 

542 

1046l 

7518 

+2 

4680 

- 

4680 

Total 

$202638 

^120825 

$65760 

$16053 

By  Phase 

B (6  mos) 

5517 

5517 

- 

- 

Photo  Sub. 
Design  Cont. 

1835 

1835 

- 

- 

C (12  mos)' 

47367 

45850 

1517 

- 

D (48  mos)! 

i 

147919 

67623 

64243 

16053 

Total 

$202638 

$120825 

$6^760 

$16053 

Flig,  6-32  Recosted  Baseline  SEO  Funding  (1970  $ Thousands) 
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Subsystem 

] 

lECOSTi 

V£ 

ID  BASH.IKE 
LCE 

EECOSTED  BASELIliffi 
VS  SHUTTLE 

RDT&E 

Unit 

Ops. 

Total 

EDT&E 

Unit 

Ops. 

Total* 

Experiments 

ni 

27^0 

9fa 

l6fo 

20fo 

yiio 

i<oi 

Struct.  & 
Mech. 

39 

11 

44 

43 

54 

22 

47 

Electrical 

16 

10 

15 

12 

28 

19 

20 

16 

Stabiliz. 
& Control 

35 

20 

15 

28 

44 

30 

26 

Att.  Control 

5 

(-17) 

17 

(-8) 

17 

- 

17 

1 

CDPI 

16 

- 

11 

10 

30 

15 

22 

18 

Environ - 
Control 

9 

- 

- 

l4 

27 

- 

- 

19 

Total  ^ 

. .. 

i3i 

\oio 

vii 

29^0 

23i 

20/0 

2Vfo 

* Sbattle  total  program  11101113.68  two  sets  of  non-redundant  modules. 
**  Including  Adpater  & Hon- Allocated  Costs. 
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largest  percentage  savings  occur  in  manufacturing  and  product  assurance.  This 
is  due  to  considerably  simplified  manufacturing  of  the  payload  and  reduced  test- 
ing of  the  ruggedized  coD5)0nents  (discussed  above  for  the  subsystem  percentage 
savings  comparison) . The  unit  cost  product  assurance  savings  are  not  as  large 
because,  similarly  to  the  OAO-B,  the  modular  construction  of  the  low-cost  SEO 
requires  testing  at  the  module  level.  The  equipment/parts  and  material  cost 
savings  are  not  as  significant  as  in  the  OAO-B  case,  because  SEO  is  a consider- 
ably simpler  spacecraft  and  was  not  subjected  to  as  severe  a redesign  as  was 
the  CAO-B.  There  are  fewer  part  substitutions  and  redundant  systems  elimina- 
tion. 

The  engineering  cost  reduction  potential  is  not  as  large  as  for  the  OAO-B,  be- 
cause of:  (l)  lower  complexity  of  the  SEO  payload;  (2)  the  inclusion  of  $12M 

in  engineering  cost  for  the  AVCS  development  is  constant  in  all  SEO  cases,  (3) 
the  increased  operations  cost  of  two  year  mission  support  as  opposed  to  one 
year  in  the  OAO-B, 

Additional  savings  analyses  and  ccmparisons  with  the  other  payloads  studied  are 
presented  in  Section  6,5- 

6.4.3  SES  Cost  Estimates 

The  SRS  payload  is  representative  of  the  small  and  fairly  simple  scientific 
satellites . The  SRS  baseline  costs  were  extracted  from  the  accounting  records 
and  subsequently  adjusted  to  reflect  an  inclusive  cost  aggregation  and  elimin- 
ation of  learning  effects. 

The  SRS  program  consists  of  development,  four  fli^t  spacecraft  and  two  years 
of  operations  at  6 mos . per  spacecraft , 

The  SRS  represents  an  austere  spacecraft  program  approach.  The  P-11,  from  which 
SRS  was  derived,  was  developed  with  minimum  development  and  qualification  hard- 
ware, no  structural  test  articles,  minimum  program  controls,  planning,  support 
effort  and  minimum  documentation. 
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6. 4. 3.1  Shuttle -Launched  SRS.  The  low-cost  SRS  cost  estimates  for  the  Shuttle- 
laimched  case  are  shown  in  Fig.  6-37*  The  costs  are  tabulated  by  subsystem  for 
RDT&E,  4 fli^t  units,  and  operations  for  4 units  resulting  in  $14m  total  pro- 
gram cost.  The  costs  shown  for  the  experiment  subsystem  are  the  actual  baseline 
costs  converted  into  I97O  dollars.  The  operations  costs  are  based  on  G-FE  check- 
out, GFE  mission  and  launch  operations. 

The  functional  cost  breakdown  for  the  SRS  payload  is  tabulated  in  Fig.  6-38. 

The  development  cost  is  the  same  as  in  previous  figure,  but  only  single  unit 
hardware  and  operations  costs  are  shown. 

6. 4. 3. 2 Expendable -Launched  SRS.  The  LCE  SRS  program  cost  is  based  on  the 
same  hardware  quantities  and  operating  assumptions  as  the  Shuttle-launched  SRS. 
The  LCE  SRS  costs  by  subsystem  are  presented  in  Fig.  6-39  showing  $10. 9M  EDT&E 
cost  estimate,  $6.9M  hardware  cost  estimate,  and  $0.8M  operations  cost  for  the 
four  unit  program. 

The  Payload  Summary  in  Fig.  6-4o  is  the  functional  cost  breakdown  for  the  ex- 
pendable-launched SRS.  As  in  the  Shuttle -launched  case,  the  recurring  produc- 
tion cost  shown  is  for  a single  unit  and  the  operations  costs  represent  6 mos. 
support  for  one  payload. 

6. 4. 3. 3 Baseline  SRS.  Fig.  6-4l  presents  the  revised  baseline  SRS  program 
costs  by  subsystem.  The  total  cost  for  a four  flight  program  is  $21. 7M,  com- 
posed of  $12. 7M  in  EDT&E,  $8.2M  in  hardware,  and  $0.8M  in  operations. 

The  baseline  costs  were  not  recosted  to  permit  the  derivation  of  functional 
cost  breakdovra  consistent  with  the  low-cost  payload  cost  classification.  There- 
fore coiriparisons  are  only  possible  at  the  subsystem  level. 

6,4.3.^  SRS  Cost  Comparison.  The  estimated  SRS  costs  are  summarized  in  Fig. 
6-42.  The  figures  shown  are  for  development  cost,  average  unit  cost,  unit  op- 
erations cost,  and  total  program  cost  by  individual  subsystem. 
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SUBSYSTEM  COSP  ESTTI4ATES  FOR  LOVf-COST  PAYT^OABS 
(jyyo  $ THOUSAI'IDS) 
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DETAILED  COST  ALLOCATION  TO  EACH  SUBSYSTEM 
( 1970  $ THOUSANDS) 
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SUBSYSTEM  COST  ESTTi-IATES  FOR  LOVf-COST  PAYLOADS 

(1970  $ thousands) 
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DETAILKD  COST  ALLOCATION  TO  EACH  SUBSYSTEM 
( 1570  $ THOUSANDS) 
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SUBSYSTEM  COST  PJSTIl'lATES  FOR  LOW-COST  PAYI.OABS 
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The  comparison  between  these  costs  was  made  in  terms  of  percentage  savings  at 
the  subsystem  level  and  in  total  as  sho\m  in  Fig.  6-43.  At  the  total  program 
level,  35  percent  savings  are  estimated  for  the  Shuttle -launched  SRS  and  l4 
percent  savings  for  the  expendable -launched  SRS  costs  as  related  to  the  base- 
line SRS  costs. 

At  the  subsystem  level,  largest  savings  appear  in  the  Electrical  subsystem. 

These  are  due  to  use  of  more  solar  cells  from  a specific  lot  and  elimination 
of  the  honeycomb  solar  panel  struct\ire  with  the  cells  mounted  directly  on  the 
spacecraft  structure  of  the  low-cost  payloads. 

In  the  Shuttle  case,  the  redundancies  in  the  electrical  subsystem  have  also 
been  eliminated  (i.e.,  battery  and  power  control  unit). 

The  savings  in  the  SCS  subsystem  are  due  to  ruggedized  electronics  and  in  the 
Shuttle  case  the  savings  above  LCE  is  attributable  to  the  elimination  of  aux- 
iliary flight  control  electronics  package. 

In  the  CDPI  subsystem,  redundancies  have  been  eliminated  on  the  Shuttle- 
launched  SRS  and  lovrer  grade,  heavier,  components  have  been  utilized  with  the 
resultant  savings. 

The  experiment  subsystem  has  been  treated  as  a constant  with  no  payload  effects 
or  cost  changes . The  operating  costs  are  virtually  the  same  with  the  exception 
of  the  elimination  of  the  adapter  in  the  Shuttle -launched  SRS. 

The  SRS  is  incorporated  in  the  further  discussion  of  savings  and  payload  effects 
analyses  in  Section  6.5. 
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6.5  COST  AMLYSIS  MD  IMPACT 

In  the  previous  section  the  detailed  results  of  the  cost  analysis  were  pre- 
sented and  discussed  for  each  of  the  three  payloads  studied.  In  this  section 
comparisons  are  made  between  the  payloads  in  order  to:  (l)  identify  the  cost 

drivers,  (2)  quantify  the  payload  effects,  and  (3)  quantify  the  technology 
change  contributions . 


6.5.1  Cost  Drivers 

The  potential  of  the  Space  Shuttle  as  a launch  vehicle,  orbiting  test  bed, 
and  transportation  system  (enabling  payload  retrieval  and  refurbishment), 
combined  with  the  application  of  1970  technology;  permitted  a re -examination 
of  conventional  payload  design,  manufacturing,  test  and  operations  approaches. 

In  the  design  area,  removal  of  stringent  weight  and  volume  constraints 
allowed  employment  of  modular  design,  less  sophisticated  componentry,  and 
ruggedization  of  the  hardware.  This  results  in  singjler  requirements  for 
design  and  analysis  and  use  of  fewer  conponents.  The  design  impact  is 
carried  through  into  the  manufacturing  and  test  phases  as  shown  in  Fig.  6-4^, 
resulting  in  lower  costs  for  the  total  payload  program. 

6. 5*  1.1  Wei^t  and  Volume  Constraints.  The  relaxed  wei^t  and  volume  impact 
on  the  OAO-B,  SEO,  and  SRS,  redesigned  for  low-cost,  was  considerable.  Savings 
resulted  in  all  major  cost  categories,  as  shown  in  Fig.  6-45  and  in  almost 
all  subsystem  costs  as  shown  in  Fig.  6-46, 

The  estimated  savings  in  payload  development  costs  ranged  from  l4^  to  50^. 

The  unit  cost  range  was  similar  at  15^  to  53-^ • ®ie  range  of  operations  costs 
was  from  O^a  to  ^1$.  The  resultant  total  program  savings  varied  from  l4^  to 
50^  for  the  three  payloads. 
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At  the  subsystem  levels  even  wider  ranges  vere  observed.  The  OAO-B  stabil- 
ization and  control  and  CDP&I  subsystems,  vhieh  were  heavily  impacted  by 
the  application  of  1970  technology,  showed  considerable  savings.  The  unit 
cost  of  the  attitude  control  subsystem  in  all  three  payloads,  as  seen  in  Fig. 
6-U6,  shows  negative  savings . This  was  caused  by  the  subsystem  requirement  to 
support  larger  and  heavier  spacecraft  with  very  few  component  changes,  little 
redesign  potential  and  no  state-of-the-art  advances.  Further  cost  increases, 
were  caused  by  modularization  to  allow  orbital  repair  and  maintenance.  Thus, 
the  cost  of  the  Attitude  Control  Subsystem  can  constitute  a minor  penalty  in 
the  low-cost  payload  approach.  However,  this  penalty  is  minor  compared  to  the 
off-setting  savings  afforded  to  the  stabilization  and  control  subsystem  by 
oversizing  of  the  Attitude  Control  Subsystem. 

6. 5. 1.2  Sisipler/Fewer  Components.  The  use  of  sinpler  and  fewer  components 
constitutes  another  important  cost  savings  contrlhution,  becatise  it  impacts 
the  unit  cost,  the  developmental  hardware  cost  and  the  basic  design  effort. 

Fig.  G-kj  is  a specific  example  of  the  Communication,  Data  Processing  and 
Instrumentation  (CESPI)  subsystem  unit  costs  for  the  recosted  baseline  and  the 
Shuttle -launched  OAO-B.  Thereon  are  shown:  quantity  of  major  conponents, 

estimated  unit  costs  for  each,  and  the  breakdown  between  common,  baseline 
peculiar,  and  low-cost  peculiar  equipment.  The  elimination  of  six  components 
and  about  $3  million  in  baseline  peculiar  equipment  costs,  associated  spares, 
test,  assembly,  integration,  and  program  management ^ results  in  net  subsystem  ' 
savings  of  over  million  per  unit. 

Similar,  thou^  less  dramatic,  savings  due  to  fewer  and  simpler  components 
were  made  in  other  subsystems  permitting  the  aggregate  15^  to  51^  savings  in 
unit  cost. 

6. 5. 1.3  Development  Cost  Drivers.  Ohe  unit  cost  impact?  the  RDTSiE  cost 
directly  in  terms  of  the  Development  and  Qualification  Test  Hardware  and  indi- 
rectly in  the  Design  Engineering  cost  throu^  component  complexity  and  quantity. 
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The  effect  of  unit  cost  reduction  on  SEO  development  and  qualification  test 
hardware  is  shown  in  Idg.  6-48.  For  the  baseline  test  hardware  cost,  2.3 
equivalent  SEO  units  were  utilized.  The  shuttle -launched  low-cost  SEO 
development  and  qualification  test  hardware  was  based  on  only  1.5  equivalent 
units.  However,  even  thou^  the  baseline  hardware  were  used,  25?^  savings 
($7.7  million)  in  development  and  qualification  test  hardware  would  be 
realized. 

The  Design  Engineering  cost  relationship  to  unit  cost  is  plotted  in  Fig.  6-49 
for  the  baseline,  LGE  and  shuttle  eases.  As  shown  in  the  plot,  design  engine- 
ering cost  is  related  to  unit  cost  by  about  a factor  of  three  for  payloads 
costing  $10M  or  less,  for  higher  cost  payloads  the  curves  flatten  out  and 
approach  asymptotes. 

The  summary  of  payload  cost  drivers  in  terms  of  percentage  cost  contribution 
is  illustrated  for  the  OAO-B  EDT&sE  and  unit  costs  in  Fig.  6-50.  In  RDT&E  the 
sum  of  Design  Engineering  and  Development  and  Qualification  Test  Hardware 
represents  65?^  to  68^  of  the  cost.  Support  Equipment  and  Development  and 
Qualification  Test  (separately)  range  from  10^  to  15^  and  Program  Management 
constitutes  the  remainder. 

The  unit  cost  is  driven  by  purchased  parts  and  manufacturing,  which  account 
for  about  half  the  payload  cost,  with  sustaining  engineering  and  acceptance 
test  as  the  next  to  largest  contrdbutooa . The  spares  and  program  management 
remained  constant  at  12^  and  8^  respectively  in  all  the  cases  analyzed. 

6.5.2  Space  Shuttle  and  Expendable  Larmched  Payload  Savings 

The  identification  of  the  major  payload  cost  drivers  discussed  above  provided 
the  base  for  summarizing  the  savings  represented  by  the  low-cost  payload 
designs.  The  estimated  total  program  cost  savings  for  the  OAO,  SEO,  and  SRS 
payloads  are  shown  summarized  in  Fig.  6-5I.  More  detailed  breakdowns  for  the 
SRS  are  not  available,  since  it  waa  subjected  to  a..less  rigorous  cost  analysis. 
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Fig.  6-49  Relationship  of  Unit  Cost  to 
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As  expected,  'the  major  cost  reduction  is  in  the  hardware,  manufacturing  and 
test  cost  category;  this  is  followed  hy  engineering  category.  Support  equip- 
ment and  operations  costs  savings  potential  is  rather  negligible  on  a total 
program  basis.  5he  unit  cost  reduction  is  more  sizeable  in  the  SEO  and  SES 
programs  due  to  the  fewer/s inipler  ccanponents  in  their  design. 

The  estimated  major  cost  reductions  are  highlighted  in  Pig.  6-5^  for  the  OAO-B 
a.Tid  SEO  shuttle -launched  cases.  The  sum  of  unit  cost,  development  hardware 
and  test  cost,  and  the  design  engineering  cost  reductioaos  account  for  92^  and 
86^  of  total  program  cost  savisigs  for  the  OAO-B  and  SEO  programs,  respectively. 
The  sources  of  the  unit  cost  savings  pctential  are  listed  in  the  lower  half 
of  Fig.  6-52  by  major  cost  category  and  subsystem  contribution. 

A similar  list  of  cost  savings  contributors  to  the  non-recurring  cost  reduction 
is  shown  in  Fig.  6-53. 

The  comparison  of  the  low-cost  expendable  (LCE)  and  shuttle -launched  payload 
savings  by  subsystem  within  KDII&E  and  imit  cost  is  shown  in  Pig.  6-5^  and 
Pig.  6-55.  OAO-B  payload  savings  are  dominated  by  the  stabilization  and 

control  subsystem  (S&C)  cost  reductions.  The  OAO  stabilization  and  control 
subsystem  cost  reductions  are  detailed  in  Fig.  6-56,  which  shows  the  design 
changes  made  in  that  particular  case  and  the  resulting  effects  both  in  des- 
criptive terms  and  dollars. 

The  SEO  payload  savings  are  primarily  iiie  result  of  the  experiment  cost 
reduction,  although  S&C  and  the  CUP&I  subsystems  contribute  approximately 
hGffo  of  the  ETD&E  savings.  In  the  case  of  the  LCE/SEO  unit  cost,  these  were 
no  measurable  savings  due  to  the  CDP&I  subsystem.  The  structures  subsystem 
was  the  next  most  dominant  savings  contributor  after  iiie  experiments. 

The  SES  payload  derives  the  major  portion  of  its  savings  from,  the  electrical 
subsystem,  which  is  very  heavily  impacted  by  the  removal  of  extended  solar 
paddles  and  body -mounting  of  the  solar  array  panels  Integral  with  strueturt 
of  the  spacecraft.  Section  S.k  discusses  the  characteristics  of  individual 
payloads  and  subsystems. 
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Fig.  6-52  Major  Cost  Reductions  (Baseline  vs  Shuttle) 
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Fig.  6-53  Non-Eecurring  Cost  Reduction 
(Compared  with  Baseline  Cost) 
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DESIGN  CHANGES 

0 On-board  computer  added 
9 Substituted  new  IRU 
9 Substituted  digital  solar 
aspect  sensors 
9 Removed  rate  gyro  pkg. 

9 Cold  gas  used  for  slewing 
& unloading;  eliminated 
coarse  wheels  and  MU S 
9 Removed  logic  units  & 
signal  processors 
9 Decreased  no.  of  Star 
Trackers 

9 Software  vice  hardware 


DIRECTLY  IMPACTS 

9 Subsystem  design  and 
analysis  workload 
9 Procurement  cost 
9 ACS  design 
9 Manufacturing  time  and 
cost 

9 Development  & qua  I . 
hardware 

@ Test  planning  and 
execution 

9 Sustaining  engineering 
9 Development  span 


ANCILLARY  EFFECTS 

9 Six  expensive  units  in  TT&C 

. not  required 

9 I nfluences  on-board  check- 
out approach 

9 Reduced  ground/space  oper- 
ations & communications; 
hence  mission  ops  costs 

9 Reduces  checkout  and  vali- 
dation span  and  costs  for 
other  subsystems 


SAVINGS!: 

RDT&E 

UNIT 

OPS 

TOTAL 

ENGINEERING 

$ 7.8  M 

$ 1.9  M 

$ l.l  M 

$ 10.8  M 

HARDWARE,  MFG.  & TEST 

36.3  M 

7.7  M 

- 

44.0  M 

OTHER 

1.2  M 

- 

1.3  M 

2.5  M 

TOTAL 

$45.3  M 

$ 9.6  M 

$ 2.4  M 

$ 57.3  M 

Fig.  6-56  OAO  S&C  Subsystem  Cost  Impact  (54%  of  Total  Program  Savings)(Example) 
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A closer  look  at  the  estimated  potential  savings  within  each  of  the  primaiy 
RDT&E  and  mit  cost  categories  is  taken  in  Fig.  6-57  and  Fig.  6-58.  The 
OAO-B  KDT&B  cost  savings  are  driven  hy  the  reduction  in  development  and  quali- 
fication test  hardware  of  about  $50M  out  of  total  $80M.  ’ The  conrparison  of 
the  LGE  and  shuttle -lamched  savings  in  OAO-B  BDT&iE  reveals  greater  percentage 
reductions  in  aH  categories  with  the  exception  of  Development  Test  and  Quali- 
fication, -which  in  the  shuttle  case  has  absorbed  a $5M  charge  for  the  shuttle 
sortie  test  flight.  This  change  in  turn  irapacts  the  shuttle  percentage  cost 
savings  when  compared  to  the  LOS  case  by  about  thi;^  reducing  the  net 
shuttle  sa-vings  to  $5.4M  or  3*25^  from  potential  $10. 4m  or  6.2^. 

The  SEO  SDTSsE  cost  sa-vings  in  Fig.  6-57  derived  primarily  from  the  test 
hard-ware  and  development  test  costs,  which  account  for  half  the  sa-vings  in 
the  LCE  case.  In  the  shuttle  case,  the  test  hardware  contributes  even  a 
greater  share  of  the  sa-vings  due  to  the  Impact  of  lower  imit  cost  (Fig.  6-58). 

The  net  RDT&E  sa-vings  comparison  of  LCE  vs.  Shuttle  SEO  results  in  $12M  or 
'10.2^  ad-van-tage  for  the  Shuttle. 

The  SES  baseline  costs  are  not  a-vailable  at  the  de-bailed  cost  category  level, 
thus  the  savings  comparisons  can  only  be  made  on  basis  of  the  EDTSF  to-fcal  cos.t 
resulting  in  $3-2M  shuttle  sa-vlngs  over  the  LCE.  In  -fche  SES  case,  the  engine- 
ering cost  represents  about  half  the  EDT&E  cost.  However,  the  shuttle  sa-vlngs 
are  still  driven  by  the  development  and  guallflcation  test  hardware  costs 
which  are  in  turn  driven  by  lower  unit  costs  as  shown  in  Fig.  6-^.  The 
shuttle  permits  a 32?^  reduction  in  SES  unit  cost  vs.  half  as  much  in  the  SES/ 

LCE  case. 

The  OAO-B  unit  cost  savings  appear  in  every  unit  cost  category  "with  the  exception 
of  accep-tance  test.  This  category  is  affected  by  -fche  modular  spacecraft  con- 
stmction,  which  requires  accep-tance  testing  at  the  module  level.  The  LCE 
case,  requiring  more  testing  than  the  shuttle -launched  payload,  results  in 
21^  negative  sa-vings.  In  to-tal,  the  shuttle -launched  OAO-B  unit  cost  shows 
$3.3M  or  10.^^  additional  sa-vlngs  over  the’ low-cost  expendable -launched  OAO-B. 
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!The  simplified  low-cost  SEO  modular  spacecraft  also  requires  acceptance 
testing  at  the  module  level;  however,  here  the  LCE  costs  are  almost  the 
same  as  haseline.  In  the  shuttle  case,  savings  were  possible  due  to  reduction 
in  the  quality  assurance  portion  of  acceptance  testing.  The  cost  reduction 
is  about  of  the  same  order  as  for  the  OAO-B  payload. 

From  Fig.  6-58  it  is  apparent  that  luanufactudng,  including  purchased  parts, 
material,  and  product  assurance;  is  the  largest  unit  cost  savings  contributer, 
especially  if  one  keeps  in  3nind  that  spares  costs  are  derived  directly  from 
manufacturing  cost  category  and  program  management  is  a percentage  based  on 
all  the  unit  cost  categories,  including  manufacturing, as  its  single  largest 
component. 

6.5.3  Effect  of  Technology 

The  previous  data  presented  in  this  section  include  the  cost  saving  due  to 
incorporation  of  1970  technology  in  the  design  of  the  low-cost  payloads. 

This  is  particularly  pertinent  to  the  OAO-B  payload  costs,  which  were  strongly 
iiflpaeted  in  the  stabilization  and  control  (S8sC)  and  the  communications,  data 
processing,  and  instrumentation  (CIJPl)  subsystems  by  the  use  of  a digi'tel  com- 
puter in  lieu  of  a number  of  complex  electronic  packages. 

Figure  6-59  shows  the  contribution  of  these  two  subsystems,  employing  the  com- 
puter, to  the  OAO-B  shuttle -launched  payload  EDi&E  and  unit  costs.  In  the 
KDiS^l  ease,  the  S85G  and  CDPSsI  subsystems  account  for  75 -T  percent  of  the 
estimated  $83. 6m  RDT&E  savings,  or  $6SM.  The  75.7  percent  savings  are  com- 
posed, as  shown  in  Fig.  6-59^  of  computer-utilization  savings  of  33.6  percent, 
the  low-cost  IRU  substitution  savings  of  I5.3  percent,  increased  attitude 
control  system  capability  savings  of  7-2  percent,  low  cost  manufacturing  and 
redundancy  elimination  savings  of  8.7  percent,  and  software  and  other  S&C  and 
CDPI  subsystem  component  savings  of  10. 9 percent.  All  the  other  subsystems 
combined  contribute  2k.3  percent  ($20. 3M)  to  the  OAO-B  total  EDT&E  cost  savings. 
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The  S&C  and  CDPI  subsystems,  with  the  computer,  impact  the  shuttle-launched 
OAO-B  xmit  cost  savings  even  more.  As  shown  in  Fig.  6-59)  these  two  subsystems 
account  for  8^.2  percent  of  the  unit  savings  or  $13-8M.  The  computer  represents 
savings  of  39.5  percent  ($6.4m) . The  other  S&C  and  CDPI  contributors  add  another 

45.7  percent  ($7*4m) , and  all  the  other  subsystems  combined  account  for  $2.4M  or 

14.8  percent  on  the  unit  cost  savings. 

In  summary,  based  on  the  estimated  low-cost  OAO-B  shuttle -launched  RDT&E  and 
unit  costs,  the  effects  of  1970  technology  represent  35  percent  and  the  other 
payload  effects  represent  65  percent  of  the  savings  as  shown  in  Fig.  6-60. 

The  removal  of  the  effects  of  1970  technology  in  the  form  of  the  OAO-B 
congputer  is  shown  in  the  -unit  and  EDT&E  cost  comparison  in  Pig.  6-61.  The 
savings  in  unit  cost  are  reduced  by  20  percent  and  the  EDT&E  cost  savings 
decline  by  I6.8  percent  in  both  the  shuttle  and  expendable -launched  cases. 

Fig.  6-62  shows  the  comparison  of  SEO  cost  savings  with  the  OAO-B,  both  in- 
cluding and  excluding  the  effects  of  the  computer  or  1970  technology.  With- 
out the  computer  the  savings  are  more  comparable,  averaging  about  30^  in 
EDQBiE  cost,  about  27  percent  in  rmit  cost. 

6.5.4  Befurbisbment  Cost  Savings 

Payload  refurbishment  constitutes  the  largest  payload  effect  in  terms  of 
total  payload  program  cost  savings.  03ae  prevloi;^  discussion  was  addressed 
primarily  to  payload  EDT&E  and  unit  cost  savings,  as  well  as  program  cost 
savings  limited  to  one  year  or  two-year  program  duration.  The  impact  of 
refurbishment  on  payload  program  cost  becomes  apparent  if  programs  of  longer 
duration  are  considered  (i.e.  up  to  ten  years). 

For  exanple,  the  aialy^is  of  OAO-B  and  SEO  unit  costs  has  shown  the  following 
unit  cost  ratios  for  refurbished  vs.  new  spacecraft: 
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Fig.  6-60  Technology  vs  Payload  Effects  - OAO-B  (Shuttle ■'Launched) 
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Fig.  6-62  Comparison  of  OAO  with  SEO  Savings  (Shuttle -Launched)  (Example) 
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Refgrbislied  OAQ~B 
New  OAO-B 


$ 5.06m 

$15.81M 


0.325 


Refurbished  SEP 
Hew  SEO 


$3.81M 

$9-S3M 


0.390 


Combining  the  effects  of  the  payload  RDUM!  and  unit  cost  reductions  and  the 

use  of  the  space  shuttle  in  a longer  duration  payload  program  results  in 

savings  of  h'J  percent  (SEO)  to  62  percent  (OAO)  when  con^iared  to  baseline 

•» 

program,  costs;  - dollar  comparisons  are  shom  in  Fig,  6-63  and  Fig,  6-6h , 
Figure  6-63  presents  the  cost  cong)arlson  of  six-year  OAO-B  program  launched 
with  SLV3C/Centaur  in  the  baseline  case,  the  TIII/L2  in  the  LCE  case,  and 
the  Space  Shuttle.  The  BCE  case  represents  total  savings  of  23  percent  and 
the  shuttle  62  percent  over  the  baseline  program.  The  SEO  ten-year  program 
is  shown  in  Fig.  6-6K  Here,  the  LCE  progiam  results  in  negative  total  pro- 
gram savings  of  5 percent  due  to  the  more  expensive  launch  vehicle  utilized. 
'The  shuttle -launched  case,  utilizing  the  space  tug,  provides  47  percent  total 
program  savings  over  the  baseline  case. 


In  the  comparison  of  the  shuttle -launched  program  to  the  low-cost  expendable, 
total  program  costs  for  the  shuttle -launched  low-cost  payloads  are  about 
50  percent  of  the  cost  of  an  equivalent  expendable -launched  low-cost  payload 
program.  Detailed  derivation  of  the  refurbishment  cost  data  is  included  in 

sub-section  8.4. 
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Fig.  6“63  OAO  Total  Program  Cost  Comparison 
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Section  J 

STMDAKD  SPACECRAFT  AND  SUBSYSTEMS 

This  section  summarizes  the  work  performed  under  Task  3 of  the  study^  "Stan- 
dard Spacecraft  Design  and  Aneilysis".  In  view  of  the  limited  level  of  effort 
available  for  this  task,  the  emphasis  was  placed  on  identification/ of  economic 
and  operational  gross  effects  resulting  from  spacecraft  and  subsystem  stan- 
dardization rather  than  on  optimizing  these  effects.  The  contention  is  that 
if  standardization  can  be  Identified  as  a viable  element  of  a low-cost  pay- 
load  design  rationale,  then  the  savings  obtainable  from,  a later  optimized 
standardization  must  exceed  the  savings  estimated  herein.  The  previously—- 
discussed  low-cost  payload  design  and  economic  analysis  activity  showed  that 
the  low-cost  designs  had  very  little  impact  on  the  shuttle  design  or  on  trans- 
portation system  economics.  Therefore,  in  a first  approximation;  minimization 
of  the  spacecraft  cost  is  tantamount  to  minimization  of  program  cost.  All  of 
the  other  program  cost -reduction  benefits,  such  as  those  accruing  from  refur- 
bishment and  reuse  of  payload  hardware,  are  equally  applicable  to  standard 
spacecraft  hardware. 

After  discussing  the  various  aspects  by  which  standardization  influences  pro- 
gram costs,  the  two  strongest  effects,  namely  (l)  development  cost  sharing 
and  (2)  matching  of  mission  requirements  with  standard  spacecraft  hardware; 
are  explored  in  a mission  model  capture  analysis.  "Reasonable"  increments 
of  subsystem  performance  used  in  the  capture  analysis  are  updated  in  a sub- 
sequent evaluation  of  standardized  subsystems  and  spacecraft  design  approaches. 
The  results  of  this  analysis  are  then  fed  as  inputs  into  a cursory  assessment 
of  the  cost  savings  to  be  expected  from  standardization.  Finally,  Implications 
of  standardization  for  future  spacecraft  are  discussed. 
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T.l  GENERAL  ECONOMIC  ASPECTS  OF  SPACECRAFT  STAETOABDIZATIOIT 

Staildardization  allows  replacement  of  a large  quantity  and  variety  of  program- 
peculiar  developments  with  a limited  quantity  of  standardized  developments.  If 
implemented  at  the  proper  systems  level  it  will  greatly  use  the  design  and  in- 
tegration of  future  spacecraft  and  will  eliminate  a large  part  of  othei^ise  mul- 
tiple development  efforts. 

The  primary  cost  savings  due  to  standardization  derive  from  the  sharing  of 
development  costs  among  a relatively  large  quantity  of  similar  activities. 

These  savings,  however,  are  reduced  by  the  need  to  develop  versatile,  multi- 
usage  interfaces  and  to  ensure  that  the  hardware  elements  are  functionally 
compatible  in  the  many  potential  applications.  Secondly,  if  only  a limited 
number  of  options  exist  to  cover  a given  program  performance  spectrum,  a 
certain  amount  of  overdesign  must  be  taken  into  account.  The  mission  model 
capture  analysis  indicates  that  standardization  should  be  implemented  in  a 
way 'which  allows  a modular  buiild -up  of  systems  capabilities,  rather  than  to 
implement  a number  of  multipurpose  spacecraft.  There  is,  however,  the  strong 
probability  that,  given  an  inventory  of  modularized  subsystems  options,  a 
multipurpose  spacecraft  could  be  assembled  to  take  care  of  .a  local  concentra- 
tion of  similar  mission  requirements.  Therefore,  three  approaches  were 
explored,  using  a set  of  standardized  subsystem  options: 

(1)  Design  a single -purpose  spacecraft  as  closely  as  possible  to 
these  required  performance  levels; 

(2)  Combine  the  requirements  of  a variety  of  missions  into  a 
composite  that  will  be  satisfied  by  a super-spacecraft  as 
the  only  mode  of  standardization;  and 

(3)  Use  a super-spacecraft  in  conjunction  with  standarxi -based 
special  purpose  spacecraft. 

These  choices  have  several  economic  implications.  As  long  as  only  the  .cost 
savings  due  to  E&D  sharing  are  considered,  there  is  an  Incentive  to  minimize 
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the  number  of  new  spacecraft  developments  (i.e.,  the  discrete  E&D  efforts  "be- 
yond subsystems  E&D  required  for  spacecraft  integration) , and  would  favor  the 
development  of  a few  superspacecraft . A counteracting  effect  exists  in  excess 
recurring  unit  costs  due  to  overdesign.  Further  studies  are  required  to  find 
the  ri^t  balance.  It  appears  that,  if  mission  objectives  could  be  coordin- 
ated such  that  the  superspacecraft  concept  could  be  extended  to  accommodate 
several  experiments  at  the  same  time;  the  advantages  of  R&D  sharing,  equipment 
sharing,  and  transportation  and  maintenance  cost  sharing  could  be  combined  to 
obtain  a very  significant  cost  savings  effect. 

7.2  ERINCIELES  OF  SPACECRAFT  SIATilDAEDIZATION 


The  development  of  previous  and  present  spacecraft  is  characterized  by  the 
repetitive  procurement  of  rather  similar  subsystems.  Large  subsystems  devel- 
opment costs  are  spread  over  only  a small  number  of  flight  units  purchased. 

It  is  therefore  of  considerable  interest  to  low-cost  payload  design  to  explore 
the  cost  saving  potential  inherent  in  standardization  of  hardware.  The 
question  of  equipment  performance  requirements -matching  arises  immediately; 
it  has  a direct  bearing  on  the  number  of  discrete  subsystem  design  points 
necessary  to  cover  a given  performance  requirements  spectrum.  "While  this  may 
appear  to  involve  straightforward  arithmetic,  efforts  to  standardize  have 
historically  had  to  stand  the  test  of  political/utilitarian  considerations 
having  to  do  with  the  freedom  of  choice  and  individuality  of  the  user,  and 
the  potential  stagnation  of  technology  advancement  in  the  very  activity  it 
was  supposed  to  serve.  It  is,  therefore,  desirable  to  consider  some  of  the 
criteria  for  and  lessons  learned  in  industrial  standardization. 

7.2.1  Criteria  for  Standardization 

In  order  to  produce  useful  standardization,  the  following  criteria  must  be 
met: 


e Consensus  on  Requirements 
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• standardize  only  if  a standard  reflects  a recurring  req[uirement, 

e Standardize  such  that  unnecessary  constraints  are  avoided 

* Standardization  hy  Evolution 

• Standardize  fundamentals  first 

• Standardize  higher-level  products  only  if  they  are  in  general 
use  and  have  achieved  a level  of  maturity 

o Solution  to  Recurring  Prohlems 

• Be  sure  that  requirements  and  their  particular  solutions  are 
indeed  recurring  often  enough 

« Profitability 

« Standaids  have  actual  value  only  when  the  money  invested  in  them 
is  recouped  with  interest 

T.2-2  Historical  Experience  in  Industrial  Standardization  vs.  Aerospace 
Application 


In  general^  industrial  standardization  is  aimed  at  applications  involving 
relatively  high  production  numbers.  It  can,  therefore,  expect  to  save  money 
both  from  the  amortization  of  development  costs  as  well  as  from  amortisation 
of  production  facilities  and  economies  on  labor  and  materials  by  means  of 
mass  production.  Spacecraft  procurement,  by  contrast,  usually  involves  only 
a small  number  of  vehicles  of  a kind.  An  appreciable  degree  of  commonality 
exists  at  the  part  or  component  level;  this  is  already  recognized  in  me  form 
of  preferred  and/or  standard  parts  lists.  A much  greater  share  of  total 
spacecraft  program  costs  can  be  saved  in  the  hi^er  categories  of  subsystems 
and  integrated  spacecraft  BDIE  costs.  This  indicates  strongly  that  space- 
craft design  must  be  changed  from  a unitized  to  a modular  approach.  low-cost 
design  principles  for  spacecraft,  as  developed  elsewhere  in  this  report, 
specify  that  spacecraft  will  be  designed  for  on-orbit  maintenance  and  repair. 
Again,  modular  design  with  easy  access  is  necessary. 


7-k 


LOCKHEED  MISSILES  & SPACE  COMPANY 


IMSC-A990556 


With  a limited  interchangeability  of  spares  among  several  programs,  a degree 
of  quantity  production  and  related  savings  may  be  realized.  This  effect  will, 
however,  be  weakened  if  spares  are  procured  on  demand  rather  than  on  a fore- 
cast basis.  Any  inventory  of  standard  parts  is  potentially  an  economic  lia- 
bility unless  the  product  has  previously  achieved  acceptance  as  a mature  solu- 
tion to  a recurring  requirement  which  thereby  precludes  early  obsolescence. 

Basically,  standardization  reduces  the  variance  of  items  stocked,  and  will 
reduce  the  variants  of  performance  options  unless  standardization  is  imple- 
mented at  sufficiently  low  systems  level  to  allow  modular  performance  matching. 
It  seems,  therefore,  that  the  emphasis  must  he  on  the  standardization  of 
adaptable  interfaces  both  in  an  electronic  and  physical  sense  to  allow  a 
"tinker  toy"  assembly  approach  to  spacecraft  using  standard  equipment  modules. 
Easy  access  to  and  replaeeahility  of  modules  is  required  also  for  repair  and 
maintenance  purposes. 

A given  requirements  spectrum  can  be  covered  by  use  of  an  optimum  quantity 
of  discrete  subsyston  designs  with  "tailoring"  supplied  hy  addition  or  de- 
letion of  certain  submodules.  Although  this  approach  will  accommodate  the 
majority  of  the  different  mission  requirements,  there  will -probably  remain 
a small  group  of  special  mission  requirements  which  are  more  adequately  covered 
by  special  program -peculiar  subsystems.  Even  these  latter  subsystems  ^ould 
incorporate  standard  interfaces  so  that  they  can  be  matched  with  other  stan- 
dard subsystems  and  facilitate  overall  spacecraft  integration. 

T-3  MISSION  MODEL  CAPTUBE  ANALYSIS 


The  potential  benefit  of  a standard  spacecraft  derives  primarily  from  reduction 
of  the  development  costs  associated  with  any  given  program  hy  using  available, 
developed  hardware.  This  available  hardware  will  in  general  have  excess  capa- 
bility for  the  particular  mission  and  in  some  cases  may  have  higher  unit  costs. 
Higher  unit  costs  will  offset  some  of  the  reduction  in  development  cost  to  an 
extent  which  depends  on  the  number  of  spacecraft  required  for  the  program. 
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In  choosing  a candidate  standard  spacecraft , or  a subsystem  for  such  a space- 
craft, one  therefore  seeks  to  provide  enough  capability  to  capture  a substan- 
tial proportion  of  the  more  demanding  missions  without  becoming  Tineconpinic  for 
the  simpler  ones.  For  these  reasons  the  following  analyses,  while  primarily 
addressed  to  technological  capture,  were  at  all  times  performed  with  economic 
considerations  in  mind. 


7.3.1  Basic  Approach 

The  approach  adopted  was  as  follows: 

a.  Tabulate  key  performance  requirements  for  each  mission  in  the  MSA 
Mission  Model  for  unmanned  payloads 

b.  Analyze  populations  of  numbers  of  programs  and  quantity  of  flints 
versus  required  spacecraft  subsystem  performance  capability 

c.  Postulate  levels  of  subsystem  performance  capability  which  would 
capture  a substantial  proportion  of  the  programs,  based  on  economic 
as  well  as  performance  criteria 

d.  Postulate  corresponding  subsystems  hardware  options,  reducing  the 
variants  to  a minimum  quantity 

e.  Postulate  standard  spacecraft (s)  as  a combination  of  standard  sub- 
system options 

f.  Propose  first-cut  standard  subsystem  and  standard  spacecraft 
candidates  as  a starting  point  for  design  studies 


7*3*2  Analysis  of  Subsystem  Performance  Requirements 


Performance  requirements  for  the  key,  cost -driving  subsystems  were  taken  from 
mission  payload  data  supplied  by  Aerospace  Corp.*  which  was  a digest  of  the 


* Aerospace  Report  Ro.  ATR-7l(723i) -7,  "Payload  Data  for  Payload  and  Interface 
Analysis  Subtask" 
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HASA  Mission  Model  data.  In  the  cases  for  which  no  relevant  data  were  con- 
tained in  the  reference,  entries  were  made  "based  on  Lockheed  "backgronnd  for 
similar  missions . 

The  requirements  for  pointing  reference  accuracy  (stabilization  and  control) 
are  those  which  the  spacecraft  guidance  system  must  meet  or  exceed  to  enable 
the  experiment -sens or  to  acquire  the  target . After  acquisition  more  refined 
pointing  would  be  achieved  using  error  signals  generated  by  the  sensor.  Thus 
a stellar  telescope  mi^t  acquire  a target  star  based  on  a pointing  reference 
accurate  to  10  sec  but  mi^t  then  hold  the  line  of  sight  to  star  to  better  than 
one  sec,  with  very  low  angular  rates,  based  on  error  signals  generated  by  the 
experiment  equipment . The  requirements  listed  for  the  wideband  spacecraft  to 
ground  data  link  do  not  include  the  transponder  function  of  the  pure  communi- 
cation relay  mission.  In  a satellite  which  is  purely  a communication  relay, 
this  repeater  function  is  performed  by  the  "experiment"  without  imposing  any 
requirement  for  a wide  band  data  link  on  the  support  spacecraft.  There  is, 
however,  still  a requirement  for  housekeeping  telemetry  on  the  narrow  band  ("VBF) 
link. 

Cumulative  distribution  curves  are  presented  in  iPigs . 7-1 j 7-2,  and  7-3  of  the 
number  of  programs  captures  (and  the  associated  number  of  flights)  versus  sub- 
system performance  for  pointing  reference  accuracy,  electrical  power  and  exper- 
iment weight.  Characteristically,  these  curves  show  that  a fairly  large  pro- 
portion of  the  missions  (65  percent  or  better)  is  captured  by  a subsystem  of 
moderate  capability,  with  rapidly  decreasing  marginal  returns  as  subsystem  cap- 
ability is  further  enlarged.  Groupings  of  wideband  data  link  requirements  are 
shown  in  Fig.  7-4;  somewhat  narrower  hands  for  bit  rate  have  been  estimated  than 
those  from  the  aforementioned  Aerospace  report.  In  summary,  (l)  a pointing  ref- 
erence accuracy  of  0.2  deg  is  sufficient  for  36  out  of  53  programs  (68  percent) 
whereas  an  accuracy  of  0.02  deg  wquld  capture  46  (87  percent);  (2)  an  average 
electrical  power  capability  of  IO5O  watts  is  sufficient  for  43  programs  (8l 
percent) . 
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Fig,  7-1  Programs  Captured  vs  Pointing  Reference  Accuracy 
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Pig.  7-2  Programs  Captured  vs  Maximum  Avg.  Electrical  Power 


LMSC-A990556 


LOCKHEED  MISSILES  & SPACE  COMPANY 


Maximum  Weight  of  Experiment  - Ih 
Fig-  7-3  Programs  Captured  vs  Maximum  Weight  of  Experiment 
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The  application  of  these  data  to  subsystem  selection  is  discussed  following. 
7,3,3  Subsystems  Reguirements  Selection 

The  objective  of  this  step  was  to  choose  standard  requirements  options  for 
each  subsystem  which  would  approximate  the  best  return  on  investment  in  each 
subsystem  sufficiently  well  to  provide  a valid  demonstration  of  the  economic 
advantages  of  developing  standard  spacecraft  and  subsystans. 

It  was  assumed  that  a standard  subsystem  would  be  applied  to  a particular 
mission  only  if  it  would  save  money  to  do  so.  Specifically,  it  would  be 
applied  if  the  total  recurring  costs  for  the  mission,  using  the  standard  sub- 
system, would  be  less  than  the  sum  of  the  non-recurring  and  the  recurring 
costs  for  a mission  peculiar  subsystem.  Since  the  analyses  showed  that  the 
mission  model  contained  a large  number  of  missions  requiring  only  moderate 
subsystem  performance  and  relatively  few  requiring  extraordinaiy  perfoimiance, 
care  was  taken  to  limit  "overkill"  and  to  provide  for  each  sub system^opt ions 
which  were  a reasonably  good  match  to  these  moderate-performance  missions. 
Analogically,  if  one  had  many  10  lb  packages  to  deliver  around  town,  one 
would  buy  a panel  truck  rather  than  try  to  use  a ten  ton  diesel  truck  with 
lift  tail  gate, 

7. 3. 3.1  Effects  of  Spacecraft  Weight.  While  it  was  not  expected  that  payload 
weight  would  be  a strong  cost  driver  it  was  considered  desirable  to  identify 
the  approximate  range  to  be  covered  before  proceeding  to  select  subsystems 
requirements,  as  an  aid  to  sizing. 

The  mission  model  can  be  divided  into  three  groups; 

(a)  Missions  calling  for  small  vehicles  of  the  Explorer  class,  with 
payloads  in  the  IOO-I5O. lb  (^5-68  kg)  region,  which  would  be  fairly 
simple  and  could  be  spin- stabilized 

(b)  A large  group  of  missions,  approximately  35^  with  payloads  in  the 
range  250-1000  lb  (113-^5^  kg)  plus  one  each  at  1100  and  I6OO  lb 
’( 500  and  730  kg) . 
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Many  of  these  require  3-aocis  stabilization  and  a spacecraft  of 
moderate  sophistication 

(c)  Seven  missions  requiring  payload  -weight  from  3900  lb  to  122J0 

lb  (1770  to  5600  kg)^  some  of  -which  are  RAM  candidate  experiments 

Group  (a)  is  small  but  each  mission  involves  a substantial  number  of  flights 
(13  for  each  magnetosphere  exploration  mission,  for  example).  This  group 
vould  in  any  case  tend  to  generate  its  o-wn  standard  spacecraft.  At  the  other 
extreme,  missions  in  group  (c)  mi^t  use  standard  subsystems  applicable  to 
group  (b),  but  any  standard  spacecraft  aimed  at  group  (c)  'wo\Jld  be  grossly 
oversized  for  most  of  group  (b).  The  strategy  pursued  below  is,  therefore, 
to  concentrate  primarily  on  the  high  volume  of  missions  in  group  (b)  but  to 
also  consider  a second  spacecraft  for  group  (a). 

7'3*3*2  Guidance,  Navigation,  Stabilization  and  Control  (GRSC) . Althou^  the 
requirements  distribution  curve  for  the  GWSC  subsystem  is  rather  smooth  (Fig. 

7-1)  it  appears  that  the  relationship  between  cost  and  capability  is  not,  but 
rather  tends  to  show  plateaus  associated  with  the  introduction  of  additional 
types  of  components  as  requirements  are  made  more  stringent.  At  the  lowest 
level  it  is  sufficient  to  provide  a spin-stabilized  system  with  provision  for 
reorientation  of  the  spin  axis.  The  next  major  step  up  is  to  a three-axis 
stabilized  system  with  a pointing  reference  accuracy  of  about  0.2  deg;  there 
appears  to  be  relatively  little  difference  in  cost  between  such  a system  and 
one  with  an  accuracy  of  2 deg.  Such  a system  has  adequate  performance  for  15 
out  of  2h  missions  requiring  inertial  orientation  reference  and  for  I8  out  of 
26  missions  requiring  earth-referenced  pointing.  These  groups  of  missions, 
which  are  about  65  percent  of  the  total,  contain  a substantial  number  of  flights, 
especially  in  the  earth-oriented  group.  It  is  therefore  important  to  provide 
standard  options  which  are  not  overpriced  in  recurring  costs  for  this  group. 


Capture  of  the  remaining  high  performance  requires  the  addition  of  components 
such  as  star  trackers  which  are  not  required  at  the  lower  performance  levels. 
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Introduction  of  these  produces  a step  increase  in  cost,  but  does  not  require  a 
completely  new  GlISC  subsystem  lacking  commonality  with  the  cruder  system.  It 
is  therefore  considered  economically  and  technologically  proper  to  call  for 
hi^  performance  options  in  both  inertially-ref erenced  and  earth-referenced 
applications . 

Based  on  the  above  reasoning,  requirements  were  selected  for  five  GNSC  options, 
as  follows  and  shown  in  Fig.  7-5’ 

a.  Spin-stabilized  with  spin  axis  reorientation  capability 

b.  3-axis  stabilized,  inertially  referenced,  0.2  deg  pointing 
reference  accuracy 

c.  3-axis  stabilized,  inertially  referenced,  15  sec  pointing 
reference  accuracy 

d.  3-axis  stabilized,  earth  referenced,  0.2  deg  pointing  reference 
accuracy 

e.  3-axis  stabilized,  earth  referenced,  earth  pointing  reference 
accuracy,  4 min  at  500  nm,  15  sec  at  synchronous  altitude 

7 -3. 3 -3  Data  Links.  Considerations  similar  to  those  for  the  GNSC  subsystem 
apply  also  to  the  wide  and  narrow  hand  data  links. 

From  preliminary  discussions  with  CDPl  subsystem  specialists,  it  appeared  that 
a basic  unified  S-hand  package,  with  transmitter/antenna  options  appropriate 
to  the  specific  class  of  application  was  the  most  appealing  candidate.  Using 
this  approach,  options  were  derived  appropriate  to  a spinning  satellite  and  to 
non-spinning  satellites  for  lovr-orhit,  synchronous  orbit,  and  planetary  appli- 
cations. These  options  also  are  summarized  in  Fig.  7-5. 

It  may  he  observed  that  the  main  differences  between  the  earth  orbital  options 
lies  in  the  selection  of  an  appropriate  antenna. 
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SUBSYSTEM 

TYPE 

ELECTRICAL 
(BATTERY  & SOLAR 
ARRAY) 

GUIIAITCE,  HAVIGATIOW, 
STABILIZATION 
CONTROL 

TELEMETRY 
(S/C  I!ATA  & 
COMMAND) 

COMMUNICATION 
(EXPERIMENT  DATA) 
(S-BAND5f-) 

A 

• 350  ¥ 

• Sun-Orient.  Solar 
Array 

e Stellar /Solar  Ref. 
» 10  Arc  Sec 
• Inertial  Platform 

• 8-33  BPS 

• 50  Sntr  (ip) 

• OMNI  Antenna 

® 10^-10^  BPS  ! 

• 50  Yiutr  (ip)  ; 

• 10-30  ft  Hi-Gain  • 
Tracking  Antenna 

B 

• 700  W 

« Sun-Or.  S/A 

0 Stellar/Solar  Ref. 
d 15  Arc  Min 
• Inertial  Platform 

• 10^  BPS 

• 2 W Xmtr  (SEO) 

• OMNI  Antenna 

* 2X10^  BPS 
' ® 2 W Xmtr  (SEO) 

, • 3 Ft  Fixed  Hi-Gain 
Antenna 

C 

• 1050  W 
« Sun-Or.  s/a 

• Earth  Reference 
e 15  Arc  Min 
9 Inertial  Platform 

• 10^  BPS 

e 2 W Xmtr  (LEO) 

• OMNI  Antenna 

■ • lo”^  BPS 
• 2 ¥ Xmtr  (SEO) 

! ® 6 Ft  Hi-Gain  Track- 
i ing  Antenna 

D 

• 100  W 

• Body-Mounted 
Spinning  Array 

» Spin  Stabilized 
® Axis  Orientation 
Control 

« 2)(10^  BPS 
• 2 W Xintr  (LEO  SPIN) 
e Toroidal  Antenna 

E 

0 Earth  Reference  & 
Star  Tracker 
• 4 Arc  Min 
9 Inertial  Platform 

• 10^  BPS 

9 2 W Xmtr  (LEO) 

• OMNI  Antenna 

( 

F 

*30  Ft  Dia  Ground  Receiver  Antenna,  Except  for  Interplanetary,  Whicli  Uses 
210  Ft  Antenna  1 ft  = 0,4536  m 


Fig.  7-5  Standard  Subsystem  Types  & Characteristics 
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It  is  assumed  that  a communications  satellite  vill  req.uire  only  a narrow-hand 
data  down  link. 

T-3-3.4  Electrical  Power.  Selection  of  standard  electrical  subsystem  options 
presents  a problem  different  from  those  of  the  GEfSC  and  communications  subsys- 
tems because  the  cost-versus-capability  relationship  is^  over  the  range  of 
concern,  smoother  and  without  natural  plateaus.  The  greatest  volume  of  mis- 
sions have  requirements  in  the  100-1000  watt  range.  Unfortunately,  however, 
the  unit  cost  of  a standard  1000  watt  system  would  be  too  high  to  be  economi- 
cally acceptable  for  a mission  requiring,  for  example,  25O  watts  on  each  of 
five  flights.  It  is  therefore  necessary  to  select  intemediate  options  below 
the  1000  watt  level. 

Considerable  exploratory  analysis  was  performed  to  identify  such  options 
which  would  provide  optimum  capture  of  the  missions  in  the  model  - i.e.,  the 
best  relationship  between  investment  and  saving.  There  is  a small  group  of 
missions  requiring  100  watts,  which  will  probably  have  spin-stabilized  space- 
craft; the  bulk  of  the  remaining  missions  lie  in  the  range  from  200  to  1000 
watts.  This  fact,  together  with  some  exploratory  analyses  led  to  selection 
of  350  watts  as  a representative  module,  leading  to  options  of  350^  700  and 
1050  watts  which  would  potentially  service  15#  19  and  5 missions,  respectively, 

T'3*3«5  Environmental  Control  and  Experiments.  It  is  desirable  that  a stan- 
dard spacecraft  be  able  to  accept  any  of  a wide  range  of  experiments,  each  of 
which  will  have  its  own,  mission-peculiar  environmental  control  requirements. 

It  is  therefore  proposed  that  each  version  of  the  standard  spacecraft  provides 
its  own  environmental  control  for  everything  up  to  the  experiment  interface 
and  a basic  level  of  control  for  the  experiment  package.  Mdltxonal  require- 
ments would  he  a mission -peculiar  expense. 

A standard  interface  with  the  experiment  should,  however,  he  provided  in  the 
areas  of  attachment  pickup  points,  standardized  voltages  and  connectors, 

■command  and  data  handling  interface  and  similar  areas  involving  the  support 
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of  the  experiment  hy  the  spacecraft.  For  example^  experiment  data  voifLd  be 
delivered  to  a standard  interface  at  'which  it  -woxald  be  sampled,  recorded, 
processed  and  transmitted  to  the  ground  by  the  spacecraft. 

Application  of  Standard  Subsystems  and  Spacecraft  to  Mission  Model. 

The  proposed  subsystem  options  were  svmimarized  in  Fig.  7~5.  The  applicability 
of , these  optiong  to  each  mission  in  the  mission  model  is  summarized  on  Figs. 
7-6a  through  7-6d,  together  with  the  quantity  of  flints  in  each  mission.  A 
summation  is  presented  on  Fig.  7-6d  of  the  number  of  programs  and  flights  to 
which  each  spacecraft  would  be  applied:  for  example,  GNSC  option  "E"  applies 

to  8 missions,  involving  75  flights.  In  this  analysis  the  minimum-performance 
subsystem  which  will  fulfill  mission  requirements  was  chosen.  Results  were 
encouraging  in  that  each  subsystem  operation  was  found  to  be  applicable  to  a 
substantial  nvunber  of  missions . 

Integration  of  various  combinations  of  these  subsystems  into -a  standard  space- 
craft was  examined  in  detail.  In  summary,  it  was  determined  that  no  single 
standard  spacecraft  is  effective  for  a substantial  number  of  missions  in  the 
model  unless  it  either: 

a.  has  substantial  excess  capability  for  many  missions,  or 

b.  provides  a number  of  options  for  each  subsystem. 

Either  of  these  approaches  will  enable  substantial  mission  capture  as  far  as 
technological  cap'ture  is  conceraed.  It  is,  however,  believed  that  (h)  is  - 
greatly  superior  to  (a)  when  "economic  capture"  is  considered  and  will  pro- 
vide a much  better  return  on  investment. 

These  conclusions,  together  with  the  first-cut  subsystem  requii^ements  formed 
the  starting  point  for  the  brief  subsystem  design  and  costing  studies  reported 
in  subsection  7-5- 
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MISSION 

ORBIT 

SPACE- 

CRAFT 

STANDARD  SUBSYSTEM  TYPE/QTY 

NAME 

NO. 

ALTITUDE 

INCL. 

GNSe" 

COMM 

t/m 

ELECT 

REMARKS 

(N.M.) 

PHYSICS  AND  ASTRONOMY 

Astronomy  Explor- 
ers - A 

1 

270/270 

28.5° 

15 

D 15 

D 15 

c 15 

D 

15 

- B 

2 

Sync 

0° 

9 

D 

9 

B 

9 

B 

9 

D 

9 

Magneto spb.  Exp. 
(Low) 

3 

2000/100 

28.5°&  90° 

13 

D 13 

D 13 

c 13 

D 

13 

(Medium) 

4 

60 ; 000/100 

28.5°&  90° 

13 

D 13 

D 13 

B 13 

D 

13 

(High) 

5 

1 A.U.  Helio 

Ecliptic 

13 

D 13 

-- 

-- 

A 

13 

OSO 

6 

350/350 

Any 

1 

A 

1 

E 

1 

C 

1 

A 

1 

Gravity/Relativity 
A,  E 

7 

300/300 

85°  - 95° 

2 ! 

B 

2 

E 

2 

c 

2 

B 

2 

B,  D 

8 

1 A.U.  Helio 

2 

B 

2 

A 

2 

A 

2 

A 

2 

Radio  Interfero- 
meter 

9 

4O;00OAo,0OO 

28.5° 

2 

A 

2 

C 

2 

B 

2 

A 

2 

Solar  Orbit  Bair 
Sync 

10 

Sync 

30° 

2 

B 

2 

B 

2 

B 

2 

A 

2 

5 Yr  Life 

1 A.U. 

11 

1 A.U.  Helio 

Ecliptic 

2 

B 

2 

A 

2 

A 

2 

5 Yr  Life  I.5  kw 

Optic.  Interf, 
Bair 

12 

Sync 

30° 

2 

A 

2 

B 

2 

B 

2 

A 

2 

High  Energy  Astro 
Obs. 

13 

230/230 

30° 

2 

A 

2| 

E 

2 

0 

2 

A 

2 

12,270  lb  Expt. 

Large  Stellar  Tel. 

15 

230/230 

28.5° 

1 

A 

1 

E 

1 

C 

1 

... 

1.5  kw  8250  lb  Sxpt. 

Large  Solar  Obs. 

17 

350/350 

30° 

. 1 

A 

1 

E 

1 

c 

1 

C 

1 

7520  lb  Expt, 

Large  Radio  Obs. 

19 

350/350 

30° 

1 

A 

1 

E 

1 

c 

i 

1 

-- 

2 kw  10,000  lb  Expt. 

^ig*  T“6.e\.  Applicability  of  Subsystems  Options  to  Missions 

1 lb  = .4536  kg 
1 nm  = 1.852  km 
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MISSION 

ORBIT 

NO.  OF 

STANDARD  SUBSYSTEM  TYPE/QTY 

NAME 

NO. 

ALTITUDE 

INCL. 

SPACE- 
CRAFT. ■ 

GNSC 

COMM 

t/m 

ELECT 

REMARKS 

(N.M.) 

NASA  EARTH 

OBSERVATION 

Polar  EOS 

21 

500/500 

SS 

12 

E 

12 

E 12 

C 

12 

B 12  : 

Sync  EOS 

22 

^ync 

0° 

6 

E 

6 

C 6 

B 

6 

B 6 1 

Eartli  Physics 

23 

400/ij-00' 

90° 

7 

E 

7 

c 7 

C 

7 

A 7 1 

Sync  Met 

2k 

Sync 

0° 

2 

C 

2 

c 2 

B 

2 

A 2 

Tiros 

25 

700/700 

SS 

3 

c 

3 

B 3 

C 

3 

A 3 

Polar  ERS 

26 

500/500 

SS 

6 

E 

6 

E 6 

c 

6 

B 6 

Sync  ERS 

27 

Sync 

0° 

7 

E 

7 

G 7 

|B 

7 

B 7 

NASA  communication/navigation 

i 

ATS 

28 

Sync 

0° 

7 

E 

7 

C 7 

B 

7 

— 

8 kw 

Small  ATS  Sync 

29 

Sync 

0° 

12 

C 

12 

C 12 

B 

12 

B 12 

Low 

30 

3000/300 

90° 

12 

c 

12 

: E 12 

Q 

12 

B 12 

' 

Co-Op  ATS  Sync 

31 

Sync 

0° 

2 

c 

2 

C 2 

B 

2 

B 2 

Low 

32 

3000/300 

90° 

2 

0 

2 

E 2 

C 

2 

B 2 

Medical  Net 

33 

Sync  ^ 

0° 

2 

c 

2 

+3 

fH 

S Jr* 

B 

2 

C 2 

Ednc . Broadcast 

3k 

Sync 

0° 

2 

c 

2 

• Ph 

B 

2 

— 

2 kw 

Follow-on  Sys.Detno. 

35 

Sync 

0° 

20 

c 

20 

I 

0 0 
0 

|B 

20 

C 20 

Tracking/Data  Ke3ay 

36 

Sync 

0° 

10 

c 

10 

C 10 

B 

10 

B 10 

Planetary  Relay 

i 

37 

Sync 

0° 

9 

c 

9 

G 9 

B 

9 

A 9 

I 

7-6 b Applieahility  of  St 

ib system  0; 

ptions  ■ 

to  Miss 

lions 

1 nra  = 1.852  km 
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MISSION 

NAME 


NO. 


ORBIT 

ALTITIIDE 


INCL 


NO.  OF 
SPACE- 
CRAFT 


GNSC 


PLANETARY 


STANDARD  SUBSYSTEM  TYFE/QTY 


COMM 


t/m 


ELECT 


REMARKS 


I 

ro 

o 


Mars  Viking 

Mars  Sample  Ret'n 

Venus  Explorer 

Venus  Radar  Map 

Venus  Expl . /Lndr’ . 

Jup.  Pioneer/ 
Orbiter 

J.U.N.  Grand.  Tour 

Jup.  Tops  Orb/ 
Probe 

Uran.  Tops  Orb/ 
Probe 

Asteroid  Survey 

Comet  (Halley) 
Rend'v's 


50 

51 

52 

53 

5i)- 

55 

56 

57 

58 

59 

60 


3 A.U. 


Hello 


2 

2 

1 

1 

2 

2 

2 

2 


B 

B 

B 

A 

B 

B 


2 

2 

1 

1 

2 

2 


A 2 
B 2 

B 2 


A 

A 

A 

A 

A 

A 


2 

2 

1 

1 

2 

2 


A 2 
A 2 

A 2 


A 

A 

A 

A 

A 

A 


2 

2 

1 

1 

2 

2 


A 2 
A 2 

A 2 


C 2 

A 1 
C 1 
B 2 


15  kw 


2 Yr 


long 

distance 

from 

sun 


7 Yr 


1 

2 


B 1 
B 2 


A 1 A 1 
A 2 A 2 


4"Yr  6 ku  elec. prop. 

3 Yr  long  dist. 
from  sun 


Fig.  7-6<c  Applicability  of  Subsystem  Options  to  Missions 
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GISC  COMM  t/m  ELECO? 
A(;9/i3)  A(13/23)  a(13/23)  a(i6/86) 
B(13/24)  B(  k/l6)  B(23/202)  B(iV129) 
C(i8/175)  0(12/84)  c(i6/112)  C(  6/37) 

D(  5/63)  D(  3/41)  D(  4/50) 

1 nm  = 1.852  Ian  E(  3/75)  2(12/74) 
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J.k  DESIGN  APPROACHES  FOR  STMDARDIZED  SPACECRAFT  MD  SUBSYSTEMS 

This  subsection  describes  the  individual  approaches  to  subsystem  standardiza- 
tion. In  each  case  the  problem  of  how  to  satisfy  the  various  mission  require 
ments  is  analyzed  and  design  options  are  detailed.  Limitations  of  the  selec- 
ted approaches  are  discussed,  as  are  suggested  alternatives  or  areas  for 
future  study.  The  impact  on  spacecraft  development,  manufacturing,  testing, 
and  operations  is  indicated. 

The  standard  subsystem  designs  are  characterized  by  a small  number  of  sub- 
system variants  or  options  to  satisfy  a wide  spectrum  of  mission  requirements 
Although  these  standard  options  will,  in  many  cases,  have  capabilities  in 
excess  of  mission  requirements,  a net  cost  saving  will  result  by  eliminating 
the  expense  of  repetitive  developments  of  optimized,  program-peciiliar  equip- 
ment. 

7.t,l  Summar’y  of  Performance  Options 

e Electrical  Power  (3  options) 

350  watts  max. 

TOO  watts 
1050  watts 

o Communications  and  Data  Processing  (lO  options) 

3 X 10^  bps 

4 X 10^  " 

1.6  X lo”^  " 

3 X 10^  bps 

4 

3 X 10  " 

10^ 

10^ 

10”^  " 


Low  Earth  Orbit 


Hi^  Earth  Orbit 
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5 

10  bps  1 ALT  Interplanetary 

10^  bps  3 AtJ  Interplanetary 

• Attitude  Control/Stationkeepinp;  Propnlsion  (2  options) 

8.000  lb-sec  and  0.5  Ibf  (35j600  Newton-sec  and  2.22  NCTrfcon) 

30.000  lb-sec  and  5-0  Ibf"  (l33j^00  Newton-sec  and  22.2  Newton) 

• Stabilization  and  Control  (5  options) 

20  sec 
15  min 

25  sec ■ 

4 min 
15  min  , 

These  options  represent  the  lowest  number  of  divisions  of  the  requirements 
which  are  believed  desirable  for  a 3-axis  stabilized  standard  spacecraft. 
However,  other  optional  capabilities  lying  between  any  two  listed  can  be 
realized  by  adding  or  deleting  a module  or  components  within  a standard  sub- 
system module. 

7-4.2  Approaches  and  Groundrules  for  Standard  Subsystem  Design 

7, 4. 2.1  Choice  of  the  Level  of  Standardization.  When  spacecraft  standardi- 
zation is  pursued  with  the  objective  of  economic  savings,  the  first  question 
is  at  which  systems  level  to  implement  standardization  to  effect  the  greatest 
dollar  benefit.  The  level  must  be  low  enough  so  that  as  many  as  possible  of 
normally  repetitive  hardware  development/test  efforts  can  be  replaced  by  a 
fewer  number.  On  the  other  hand,  the  level  must  be  high  enough  so  that  as 
much  as  possible  of  repetitive  elements  of  systems  integration  and  systems 
test  can  be  eliminated. 

For  the  purpose  of  the  mission  model  capture  analysis  it  was  assumed  that 
standardization  would  occur  at  the  subsystems  level.  Concerning  a choice 
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of  the  proper  level,  it  was  found  that  the  spectrum  could  actually  he  extended 
in  both  directions  without  contradiction: 

e in  the  lower  direction  by  utilizing  a modular  build-up  of  sub- 
systems capability,  and 

o in  the  upward  direction  by  the  definition  of  standard  interfaces. 

7. 4.2. 2 Stari(^».-yd.  Spacecraft/Subsystem  Approach.  The  Standard  Spacecraft  con- 
cept exploits  transportation  economies  of  the  Space  Shuttle  to  launch  payloads 
which  are  relatively  free  of  size  and  wei^t  constraints.  With  these  constraints 
removed,  it  is  feasible  to  use  a small  number  of  "standardized"  subsystem  de- 
signs to  satisfy  a majority  of  the  future  missions  and  thereby  provide  consid- 
erable cost  savings  throng  elimination  of  the  normal  specialized-development 
program  which  optimize  equipment  design  for  each  mission’s  spacecraft. 


The  Standard  Spacecraft  approach  will  provide  subsystem  designs  which  in  many 
cases  will  exceed  the  mission  requirement  but  will  be  less  costly  than  a 
specially -tailored  design.  The  actual  cost  savings  will  depend  upon  the  num- 
ber of  flights  involved  for  the  particular  mission. 

7. 4.2. 3 Groundrules  for  Standard  Subsystems.  The  groundrules  for  Standard 
Spacecraft  Subsystems  were  established: 

» Space  Shuttle/Space  Tug-launched 

e Mission  model  requirements  for  programs  in  the  1978-1990  time 
period 

o 197O-I975  technology  (concepts  reduced  to  practice) 

• Two-year  life  without  refurbishment;  up  to  three  reuses 

e Subsystem  reliability  goal  O.8O  to  O.85 

a Low-cost:  Trade  weight  increase  for  cost  reduction 

» Minimize  number  of  variants:  Favor  over-design  over  a multi- 

plicity of  mission -peculiar  parts 
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& Use  modular  concepts  for  flexibility  in  system  implementation 
and  ,for  on-orbit  repair  or  replacement 

7.4.3  Standard  Spacecraft  Functional  Interfaces 

An  intrinsic  part  of  the  standard  subsystem  designs  is  the  grouping  of  equip- 
ment into  modules.  This  characteristic  not  only  facilitates  repair  and  refur- 
bishment, it  also  permits  build-up  to  desired  system  capability  levels.  The 
modules  would  be  designed  to  be  interchangeable  (with  an  identical  module)  at 
the  interface  connections  without  need  for  module  or  spacecraft  re-calibratio] 
The  following  paragraphs  lists  all  significant  inter -sub system  interfaces; 
these  interfaces  constrain  both  the  spacecraft  design  and' the  module  groupingi 

7. 4. 3-1  Active  Interfaces  (Power  and  Signal). 

(1)  Power  Distribution  TO  all  Subsystems: 

Q 28  VDC  unreg.  bus 
© Optional  28  VDC  reg.  bus 
• Optional  II5  VAC/400HZ  Bus 

(1)  Actuation  Signals  TO  attitude  control  propulsion 
system  via  digital  drive  electronics 

(2)  Attitude  error  signals  FROM  payload  experiment 
sensors  (for  veiy  high  precision  pointing  only, 
that  is  less  than  20  arc  sec) 

(1) '  Status  signals  FROM  all  subsystems  to  data  dis- 
tribution 

(2)  Interface  unit  for  transmission  or  storage 

(1)  Status  signals  FROM  all  subsystems  to  space 
shuttle/tug  for  readiness  checks  (same  as 
"Telemetry" ) 


a.  Electrical; 
(EPS) 


b.  Stabilization  & 
Control; 

(S&C) 


Telemetry,  In- 
strumentation ; 

d.  Test;' 
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(2)  Activation/stimuLus  signals  TO  all  subsystems 
from  sbuttle/tug  for  readiness  checks  and 
activation 


e,  Comnii^rids;  (l)  Real  time  and  stored  actuation  commands  TO 

all  subsystems  via  DDIU  (same  as  "Test") 

f.  Communications ; (l)  Ground  - space  and  space  - grovtnd  links  for 

status  telemetry  tracking  aids,  commands  and 
experiment  data  transmission 


7. 4, 3.2  Passive  Interfaces  (Geometric,  Kinematic) 


a.  Structural/ 

Thermal; 

b.  Structural 

Arrangement ; 


(1)  Establish/maintain  S&C  inter-sensor  alignment; 
communications  antennas  - S&C  alignment;  and 
experiment  sensors  - S&C  alignment 

(1)  Solar  arrays/antennas  define  solar  and  gravity 
gradient  disturbance  torque  envlix5nment  for 
S&c/attitude  control  sizing 

(2)  Solar  arrays/antennas  placement  compatible  with 
S&C  sensor  FOV  demands, 

(3)  Modules/module  installation  for  astronaut  and/or 
telefactor  handling 


7-4. 3. 3 Integration  Interfaces 

a.  On-Board  Computer  Software 

b.  Digital  Data  Bus/Loca.n  zed  Operations 

c.  On-board  Fault  Isolation 

7- 4. 3- 4 Spacecraft /Experiment  Interfaces.  The  mission  spectrum  can  be  cate- 
gorized by  five  payload  types: 

(1)  Astronomical  Experiment 
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(2)  ^ace  Physics  Experiment 

(3)  Communications  and  Applied  Technology 

(4)  Planetary  Exploration 

(5)  Observatory 

The  viability  of  the  standard  spacecraft  concept  will,  to  a large  degree, 
depend  upon  the  ease  with  which  the  diverse  experiments  can  be  mated  to  the 
spacecraft  proper.  The  key  to  this  integration  lies  in  successfully  defining 
standardized  interfaces  which  still  permit  both  the  experimenter  and  the  pay- 
load  designer  the  maximum  latitude.  The  e^eriment  requirements  affecting  the 
interface  for  which  specifications  must  be  drawn  can  be  classified  as  follows; 

(1)  Loads  and  Dsmamics 

( 2 ) Electric  Power 

(3)  Stabilization  and  Control 

(4)  Commands  In 

(5)  Data  Out 

(6)  Themal 

Also  to  be  considered  are  unwanted  interactions  which  must  be  constrained. 
Principal  items  in  this  area  are: 

(1)  Electromagnetic  Interference 

(2)  Pields-of-View  including  Spurious  Reflection 

(3)  Outgassing  and  Thruster  Exhaust  Products 

(4)  Elastic  Motions 

J.k.h  Standard  Spacecraft  Design  and  Integration 

T-^.^.l  General  Configuration.  The  Standard  Spacecraft  has  been  concepted 
as  a compartment! zed  ("eggcrate"  type)  structure  sized  to  accept  the  various 
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modioles  of  the  several  subsystems.  This  structure  also  includes  provisions 
for  attaching  an  experiment  package  as  may  be  req.uired  to  accomplish  the 
various  missions  appropriate'  to  a Standard  Spacecraft.  Figure  7-7  is  a general 
arrangement  drawing  of  the  Standard  Spacecraft. 

Four  (4)  lug  type  fittings  are  provided  as  a part  of  the  spacecraft  upper 
bulkhead,  positioned  as  required  for  attachment  of  the  experiment  packages. 

The  upper  bulkhead  will  contain  electrical  connectors  required  for  electrical 
interconnect  between  the  experiment  packages  and  the  spacecraft  subsystems. 

J,k.k.2  Integration  of  Standard  Spacecraft  with  Transportation  Systems.  The 
Standard  Spacecraft  will  be  supported  in  the  ^ace  Shuttle  cargo  bay  by  means 
of  hold-down  and  deployment  gear  designed  to  secure  the  payload  in  the  cargo 
compartment.  Four  fixed  probe  devices  shown  in  Figure  7-7  are  to  be  used  in 
cases  where  spacecraft  deployment  and  retrieval  is  to  be  accomplished  by 
means  of  four  (4)  Storable  Tubular  Extendable  Members  (STEM)  and  an  appropri- 
ate cradle.  This  deployment  and  retrieval  configuration  i's  depicted  id  Figure 
7-8.  In  the  event  the  Standard  Spacecraft  is  to  be  used  in  conjunction  with 
a Space  Tug  or  other  boosters,  the  optional  docking  ring  can  be  installed  in 
place  of  the  four  fixed  probes.  The  docking  ring  is  equipped  with  appropriate 
probe  and  drogue  devices.  The  ring  is  attached  to  the  spacecraft  lower  bulk- 
head by  means  of  four  double  acting  shock  mitigation  devices. 

7.4.4. 3 Modular  Equipment  Insta3.1ation.  Arrangement  of  subsystem  equipment 
modules  is  shown  in  Figure  7-9.  Module  location  is  limited  by  requirements 
for  appropriate  view  angles,  vehicle  center  of  gravity  location,  alignment 
accuracy  and  other  similarly  important  reasons. 

7- 4. 4. 4 Structures  and  Mechanisms.  The  Standard  Spacecraft  Structure  is  a 
compartmentized  aluminum  sheet  metal  structure  reinforced  or  stiffened  by 
extruded  aluminum  angle  and  "Tee"  structural  shapes.  Each  compartment  is 
provided  with  guide  rails  to  aid  in  the  rapid  installation  and  removal  of 
the  several  modiiles.  At  the  back  of  each  compartment  is  an  electrical  con- 
nector providing  the  appropriate  modxale /space craft  electrical  interconnect. 
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MODULE 

COMPARTMENT 

A-1 

A-2 

A-3 

B-1 

B-2 

B-3 

C«»jL 

C-2 

C-3 

D-2 

D-3 

E-1 

E-2 

E-3 

F-1 

F-2 

F-3 

G-1 

G-2 

G-3 

J-1 

J-2 

j-3 


ATTITUDE  SENSING  MODULE  N0,1 
SPARE 

ATTITUDE  CONTROL  SYSTEM  MODULE  NO«l 
CO>mND,DArA  PROCESSING  & INSTRUMENTATION 
MODULE  NO.l 

ATTITUDE  COMPUTATION  MODULE 
.RESERVED  - FOR  SOLAR  ARRAY  TRACKING  AND 
POWER  TRANSFER  MODULE 
ATTITUDE  SENSING  MODULE  NO. 2 
SPARS 

ATTITUDE  CONTRa  SYSTEM  MODULE  N0.2 
SOLAR  ARRAY  TRACKING  AND  POWER  TRANSFER  MODULE 
SPARS 

BATTERY  MODULE  NO.  1 
ATTITUDE  SENSING  MODULE  N0,3 
SPARE 

ATTITUDE  CONTROL  SYSTEM  MODULE  N0.3 
CamND,  DATA  PROCESSING  & INSTRUMENTATION 
MODULE  N0.2 
REACTION  vrUEEL  MODULE 
RESERVED-FOR  SOLAR  ARRAY  TRACKING- AND 
Pa-ffiR  TRANSFER  MODULE  4- 

ATTITUDE  SENSING  MODULE  NO.U 
SPARE 

ATTITUDE  CONTROL  SYSTEM  MODULE  NO.  U 

EMPTY  - EXCEPT  FOR  ELECTRICAL  INTERCONNECT  CABLES 
H n t)  tt  n n 

RESERVED  - FOR  ATTITUDE  SENSING  MODULE  NO.  ^ 


Fig.  7-9  Standard  Spacecraft  Module  Location  Diagram 
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Two  fittings  are  also  included  in  the  conipartment  aft  wall,  which  engage  the 
double  acting  cams  at  the  back  of  each  equipment  module  providing  force  re- 
quired to  connect  and  disconnect  the  connector  as  well  as  to  lock  the  module 
in  the  desired  position  required  for  operating  purposes.  Figure  7-10  depicts 
the  typical  equipment  module  compartment.  In  some  instances  module  guide 
rails  will  require  special  location  dictated  by  module  requiranents  sucji  as 
symmetiy  about  the  spacecraft  centerline. 

Standard  spacecraft  subsystem  equipment  is  housed  in  specially  designed 
modules  that  may  be  easily  installed  or  removed  from  the  spacecraft  structure 
by  astronauts.  The  modules  are  designed  to  protect  subsystem  equipment  during 
ground  handling  as  well  as  during  operational  use.  Insulation,  paint  patterns, 
heaters  or  other  devices  for  thermal  environmait  control  will  be  included  as 
a part  of  the  module. 

Except  for  the  attitude  control  and  solar  array  drive  modules  all  other 
standard  Spacecraft  modules  are  of  a standard  size  and  design.  Figure  ‘T-H 
is  a view  of  the  typical  module.  The  module  structure  is  sheet  metal  rein- 
forced as  required  to  provide  strength  and  rigidity  to  withstand  loads  and 
stiesses  res\ilting  from  module  handling  and  spacecraft  operations. 

The  module  is  provided  with  hand  rails  that  will  facilitate  module  handling 
by  the  shuttle  crew.  The  base  has  two  "module  support  rails"  which  engage 
the  "module  guide  rails"  that  are  attached  to  the  spacecraft  structure. 

Rotation  of  the  handles  on  the  face  of  the  model  actuate  double  acting  .cam 
devices  located  on  the  back  face  of  the  module  (see  Figure  T-12).  Rotation 
of  these  cam  devices,  acting  in  combination  with  mating  fittings  attached  to 
the  spacecraft  structure,  provide  force  required  to  connect  or  disconnect 
the  back  mounted  electrical  connector  as  well  as  forcing  the  module  position- 
ing lugs  into  proper  engagement  with  the  module  guide  rails. 
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The  Attihiide  Control  System  Module,  Figure  T-13^  is  an  example  of  a s;^ecial 
module,  whose  operating  function  acquires  particular  design  features.  This 
module  is  designed  to  he  externally  symmetrical  about  the  center  pland  that 
includes  the  module  support  rail.  This  permits  use  of  this  module  in  any  of 
the  four  corners  of  the  spacecraft  by  merely  inverting  the  module. 


T.4-5  Stacdajxl  Electrical  Power  Subsystem  (EPS) 

7 *4, 5.1  Electrical  Power  Requirements.  The  NASA  mission  model  contains 
both  actuator-stabilized  and  spin-stabilized  spacecraft  in  sufficient  numbers 
to  warrant  standardization  of  their  electrical  power  subsystsns.  Based  on 
the  incidence  of  requirements  (see  subsection  7*3)^  the  following  parameter 
variants  were  selected: 

Option  Power  (watts) 


100  to  350 
350  to  700 
700  to  1050 


Actively-stabilized 

spacecraft 


20  to  100 


Spin-stabilized 

spacecraft 


7. ^.5. 2 EPS  Design  Approaches  - Actuator-Stabilized  Spacecraft.  The  earth 
orbit  solar  incidence  P-angles  and  inclination  angles  are  essentially  unlimi- 
ted and  all  values  are  assumed  to  be  required.  The  solar  array  areas  asso- 
ciated with  these  power  levels  are  shown  on  Fig.  7-1^* 


The  increments  of  array  wing  sizes  are  based  on  array  area  rather  than  space- 
craft average  load  since  the  p-angle  in  the  low  to  medium  earth  orbit  can  cause 
a variation  by  a factor  of  up  to  two  in  array  size  required  for  a given  average 
power  requirement . The  upper  ends  of  the  power  ranges  correspond  to  little  or 
no  shadow  periods  during  operation.  The  standard  EPS  options  are  configured 
in  a modular  fashion  as  can  be  seen  on  Fig.  7-15 . 

9"  Solar  Arrays.  All  three  array  sizes  employ  two  wings  on  individxtal  shafts 
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Fig,  7-i5  Standard  Electrical  Power  Subsystem  Modules  and  Interconnections 
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with  single  axis  tracking  and  slip-ring  power  transfer  provided  on  each  shaft. 
Investigation  of  "all-y^"  orhits  indicates  that  the  use  of  a single  axis  of 
the  tracking  (continuous  drive)  solar  array  would  require  a solar  array  no 
morc  than  20  percent  larger  in  con^arison  to  the  size  for  two -axis  orienta- 
tion . 

The  tracking  units  and  power  transfer  assembly  are  sized  for  the  largest 
subsystau  and  are  used  for  all  array  sizes. 

The  two  array  wings  are  composed  of  modular  sections  up  to  3 in  number  as 
shown  on  Fig.  T-l6.  The  high  length -to -width  shape  of  the  sections  is  selec- 
ted to  allow  the  first  inboard  section  to  be  in  the  on-orbit  position  in  the 
Shuttle  P.L  bay  when  the  spacecraft  width  allows.  If  additional  sections  are 
flown  they  are  folded  onto  the  inboard  sections  for  launch. 

The  two  wings  are  covered  on  one  side  by  12-mil  ( 0.3mm)  2 x cm  wraparound 
contact  silicon  solar  cells  with  20-mil  (0v51mm)  cover-glass  pre-attached  to 
reduce  the  number  of  cell  handling  and  cleanup  operations. 

Material  costs  and  manufacturing  costs  are  minimized  at  the  expense"of  weight 
in  the  selected  solar  cell  and  coverglass  design  thicknesses.  Smaller  thick- 
nesses results  in  lower  yield  due  to  handling  losses  and  larger  thicknesses 
re  stilt  in  higher  material  costs. 

The  cost  per  watt  for  solar  cells  is  further  reduced  at  the  expense  of  weight 
increase  by  lowering  the  minimum  allowable  cell  power  req.ulrements  in  accept- 
ing cells  from  production  run. 

The  electrical  and  mechanical  configuration  of  the  cells  will  be  selected  to 
provide  one  panel  design  which  is  then  repeated  to  generate  the  total  array, 
power  requirement.  The  use  of  a standard  panel  design  for  Subsystem  variants 
A,  B,  and  G,  using  a standard  number  of  solar  cells  in  series  will  result  in 
the  same  panel  voltage  when  the  cells  operate  at  the  same  equilibrium  temper- 
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atures.  This  temperature  condition  will  not  be  obtained  precisely  in  all 
missions  with  various  orbit  parameters.  Ihe  voltage  variations,  however, 
should  be  within  acceptable  limits  for  the  power  conditioning  equipment  in 
the  spacecraft  with  judicious  placement  of  the  tracking  site. 

The  cell  mounting  concepts  require  development.  The  design  will  take  advan- 
tage of  flexible  array-printed  circuit/wraparound  cell  contact/induction 
soldering  designs  that  reduce  cell  mounting  costs  while  mounting  the  flexible 
substrate  on  inexpensive  aluminum  sheet  to  form  a panel.  The  sheet  has  ex- 
truded aluminum  stiffeners  and  provides  the  mechanical  support  for  the  launch 
dynamic  environment. 

The  solar  array  wings  and  drive  motor  modules  are  designed  such  that  they  can 
be  ranoved  from  the  spacecraft  and  replaced  for  repair  or  refurbishment  opera- 
tions . 

b.  Batteries.  15^  depth  of  discharge  (DOD)  NiCd  batteries  are  employed  for 
operation  during  'eclipse  periods  and  for  peak  power  requirements.  A standard 
battery  size  (20  amp-hrs)  and  battery  charge  controller  design  is  Tised.  The 
number  of  battery/battery  charge  controller  sets  varies  between  one  and  six 
depending  on  vehicle  load  and  orbit  description. 

The  standard  subsystem  supplies  unregulated  28  volt  dc  power.  A 28  vdc  regu- 
lator/converter and  a 400  hz,  3-pliase,  115  vac  inverter  will  be  available  as 
options.  Any  additional  conditioning  would  be  supplied  by  the  using  experi- 
ment package  or  spacecraft  subsystem.  The  design  of  these  two  units  will 
emphasize  a module  approach  in  sizes  of  about  100  watts  that  will  allow  the 
plugging  in  of  these  units  on  missions  requiring  them. 

Figure  T7T7  shows  a block  diagram  of  the  power  supply  elements. 

c.  Battery  Charge  Controllers.  In  most  spacecraft  power  systems  the  battery 
charging  and  discharge  programming  scheme  is  inextricably  tied  to  the  solar 
array  characteristics  and  the  regulation  method  used  to  assure  a certain 
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operating  voltage  range  of  the  pover  system  "bus. 

The  standard  spacecraft  design  requirements  suggest  the  following  design 
approach  to  the  hattery/power  controls  system: 

(1)  Low  (15^  of  rated  capacity)  battery  depth  of  discharge  for  long 
life^  simple  control  requirements,  wide  temperature  operations. 

(2)  Batteries  connected  directly  to  hus  (no  control  intermediate) 
for  low  hus  impedance,  no  need  for  an  active  discharge  control 
or  voltage  regulation  of  solar  array. 

(3)  Charge  control  via  on/off  switching  of  the  solar  array. 

The  use  of  the  battery  as  system  "regilLator"  has  been  successfully  used  xn 
several  space  programs.  It  is  a less  expensive  approach  than  separate  solar 
array  regulators  and  charge  controllers.  Although  hattery  cycling  is  more 
frequent,  with  this  system,  long  life  (3  years)  has  nevertheless  been  achieved 
over  wide  temperature  ranges. 

Because  of  the  ranges  of  power  levels,  and  the  variation  in  duty  cycles,  the 
control  levels  of  the  charge  controller  would  have  ad;justments  corresponding 
to  certain  missions  designed  into  the  device. 

Since  the  solar  array  modules  are  isolated,  each  feeding  individual  battery/ 
charge  controller  inputs,  assembly  of  systems  of  various  power  levels  for 
similar  missions  would  amount  to  addition  of  identical  solar  array/charge  con- 
troller/battery elements. 

d.  Pyro  Programmer.  This  unit  is  used  in  missions  where  man-controlled 
operations  are  not  available  to  provide  deployment  and  other  mechanical 
events. 

e-  Power  Distribution  Unit.  The  unregulated  and  regulated  power  buses  and 
associated  fuses  and  current  sensors  are  located  in  the  Power  Distribution 
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Unit.  The  fuse  mounting  arrangement,  consisting  of  plug-in  fuse  modules, 
offers  flexibility  whereby  fuse  ratings,  and/or  redundancy  concepts  may  be 
altered  as  desired. 

f.  General  EPS  Characteristics.  The  characteristics  of  subsystem  options  A, 
B,  and  C are  summarized  in  Fig.  7-l8. 

T.^.  5»3  EPS  Desi^  Approaches  - Spin  Stabilized  Spacecraft. 

Solar  Arrays.  The  option  "D"  EPS  has  body-mounted  solar  panels  either 
attached  to  the  side  panels  or  deployed  on  a simple  flip-out  fixed  panel  con- 
figuration. The  selected  version  of  option  D employs  8 fixed  panels.  Solar 
cells  are  mounted  on  one  side  of  the  panels  and  the  panels  are  screw-attached 
on  the  sides  of  the  standard  spacecraft  in  eight  eq.ually  spaced  locations 
around  the  periphery  of  the  spacecraft 


b.  Batteries.  A pair  of  12-anpere-hour  batteries  are  selected  for  option  D 
based  on  a 4?  percent  shade,  53  percent  sun  orbit  with  two  batteries  providing 
13  percent  DOD. 

c.  General  EPS  Characteristics.  The  option  D EPS  block  diagram  is  shown 
on  Figure  7-19 • Figure  7-20  summarizes  the  option  D characteristics. 

7.^.5*^  Special  EPS  Conditions.  The  described  subsystems  are  not  readily 
adaptable  to  power  reguirements  much  above  1000  watts;  about  7 missions  in 
the  model  have  power  reguirements  in  the  range  from  1. 5 to  15  KW.  However, 
although  the  planetary  missions  change  the  distribution  of  the  array  area 
reguirements,  the  variation  in  the  number  of  array  panels  which  can  be  added 
may  adeguately  cover  these  missions. 


If  array  temperature  variations  make  the  single  standard  solar  panel  design 


7-45 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


Solar  Array  Area  - ft 
nominal  Array  Temperatxire  - °C 
Average  Vehicle  Load  (B.O.L .) -■watts 
P = 0°  (150  nm  alt.) 

p = 90° 

S5mchronous  Equatorial 
Planetary  (l  AU) 

Solar  Array  Wei^t  - Ihs 

Solar  Array  Voltage 

nominal  Bus  Voltage 

Regulated  Voltage 


Option 


A 

B 

c 

63.8 

127.6 

191.4 

85 

85 

85 

155 

310 

465 

370 

74o 

1110 

350 

700 

1050 

370 

74o 

1110 

122 

244 

366 

0 

0 

0-50 

0-50 

23  - 24 

23  - 24 

23  - 24 

28  VDC 

28  VDC 

115  VAC 

115  VAC 

Module 

liBi 

number 

min 

1 niCd  Batteries 

7x7x18  in. 

54.7 

2 

(20  amp-hr) 

Battery  Current 

4x4x4  in. 

1.3 

1 

Shunt  Assy. 

Charge  Controller 

8x9x10  in. 

6 

2 

2 Poptfer  Dist.  Unit 

19x16x5  in, 

32 

1 

Regulator  Convert. 

9x8x20 

37 

1 

Inverters 

9x6x20 

35 

1 

3 Pulse  Generator 

6x6x6  in. 

6 

1 

Motor  Controller 

7x8x12  in. 

7 

1 

Tracker  Motor 

4x4x8  in . i 

9 

4 

Power  Transfer  Assy. 

8x8x12  in. 

6 

2 

Selar  Array  Panels 

4.76  ft^ 

7.8  - 

12 

.1^2^  3 Power  Bus 

1 

^ (Cables  & Connectors) 

1 

(107) 

1 in*  - 2.54  cm* 

1 ft  = 0.093  m 
1 lb  = 0.4536  kg 


Fig.  7“18  Sximmary  of  EPS  Options  A,  B and  C 
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Size  Cin.) 

Weight  Clb) 

9^ 

Solar  Array  Pajael 

26.9  X 40 

12.5 

8 

NiCd  Batteries  (l2  AH) 

7 X 7 X 10 

30.0 

2 

Battery  Charge  Controller 

6 X 6 X 12 

7.0 

2 

I^ro  Programmer 

4x4x5 

2.6 

1 

1 in.  = 2.54  cm 
1 lb  = 0.4536  kg 


Fig.  7-20  EPS  Equipment  List  - Option  D 
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unacceptable  for  some  missions,  alternatives  include; 

a.  Provide  DC/dC  converter  to  change  voltage  from  array  to  bus 
requirement 

b.  Provide  more  than  one  standard  panel  design  to  split  the  total 
temperature  range  into  subranges - 

If  some  missions,  e.g.,  a synchronous  orbit,  require  a more  sophisticated 
battery  charge  controller  design  concept  than  the  one  described,  a variant 
in  the  battery  charge  controller  development  effort  is  recommended.  Cost 
savings  would  be  expected  by  developing  and  procuring  both  controllers  rather 
than  using  only  sophisticated  design. 


7. if. 6 Communications  - Data  Processing  and  Instzwentation 
(CDPi)  Subsystem 


T.^.6.1 

tions; 

a. 

(1)  Ranging;  50-ft  (l5.3m)  lo')  bias  error  and  60-ft  (18.3  m)  rms  noise 
error 

(2)  Range-rate:  0.2  ft/sec  (O.O61  m/sec) (lo)  1 sec  smoothing 

(3)  Angle:  1.0  inrad  (la)  bias  error,  1.0  mrad  rms  noise  error 


CDPI  Requirements.  The  CDPI  Subsystem  provides  the  following  func- 

Tracking;  Receive/transmit  signals  at  the  spacecraft  for  position/ 
orbit  determination  by  ground  stations  within  the  following  limits; 


b.  Telemetry;  Provide  spacecraft -status  data  transmission  within 
following  limits: 

(1)  Up  to  1 kbps  continuous  data  transmission 

(2)  Up  to  10^  bps  readout  of  stored  data  from  low  earth 
orbit 
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(3)  Digitized  data  transmission  following  on -"board  or  ground 
computer  processing 

c,  Commnnd;  Receive  and  decode  spacecraft  commands  for: 

(1)  Digital  system  - foimat  unspecified 

(2)  Data  rates  up  to  10  kbps 

(3)  Stored  - program  capability  for  low  earth  orbit  missions 

d.  Data  Handling;  Collect,  store,  process  and  route  data; 

(1)  Decode,  store,  route  commands 

(2)  Sample,  encode  multiplex,  store,  foimat  telemetry  data 

a 60 -5 00  channels 
• 1/30  to  250  SPS 
e A/D  conversion  up  to  8 kits 

e,  C ommunicatlons ; Transmit  experiment  data; 

(1)  Digital  data  format 

(2)  10^  to  lo'^  bps 

f.  Instrumentation ; Sensors  to  provide  spacecraft  status  signals; 

(1)  Outputs  0-5  volts  or  0 - 500  mv  full  scale 


T*^.6.2  CDPI  Design  Approaches 


a.  Frequency  Selection,  The  bandwidth  capability  for  the  downlink  at 
2200  to  2300  MHz  (S-Band)  is  adequate  for  the  lo"^  bits  maximum 
data  rate.  A^unified  carrier  approach  is  used  to  minimize  the  num- 
ber of  RF  links  needed. 

b.  Ground  Station  Parameters.  The  spacecraft  links  are  designed  to 
operate  with  lelatively  inexpensive,  and  transportable,  30-ft. 
(9.15m)  diameter  antennas  on  the  ground.  Inteiplanetaiy  missions 
will  require  the  210-ft  (64.1m)  DSH  antennas. 
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Receiver  sensitivity  is  not  critical  up  to  synchronous  altitude 
and  system  noise  temperatures  of  250°K  can  he  readily  achieved 
using  low-cost,  uncooled  parametric  amplifiers.  Interplanetary 
distances  require  the  use  of  the  DSIF  mazer  front-end  receiver 
(approximately  25°K). 

G.  Effective  Radiated  Power  (ERF) . The  above  selected  parameters  result 
in  the  ERR  requirements  shown  in  Fig.  7-21.  ERF  are  converted  to 
transmitter  pcwer  and  antenna  type  in  Fig.  7-22. 

d.  Antennas.  Earth- coverage  antennas  (t5rpically  a 20-deg  heamwidth)  re- 
quire only  modest  spacecraft  attitude  stability  (about  ±1.5  deg). 

The  3 ft  diameter  dish  (lO-deg  heamwidth)  should  be  steerable  but  the 
10-  and  30-ft  reflectors  (3-06-  and  10.2  m)  (3  deg  and  I deg  beam- 
width)  require  continuous  tracking  capability. 

e.  Transmitters . A 0.25  watt  power  is  the  basic  transmitter  output  level 
higher  powers  are  obtained  by  addition 'of  power  amplifiers;  2.5  watts 
using  solid  state  and  10  to  50  watts  with  tube-t3rpe  amplifiers.  The 
transmitter  power-antenna  type  combinations  shown,  three  options  for 
each  regime,  satisfy  all  data  transmission  requirements  of  the  mission 
model  and  introduce  little  development  cost. 

f.  Data  Handling  Equipment.  The  development  of  low  cost  spacecraft 
computers  makes  it  feasible  to  incorporate  a general  purpose  com- 
puter in  a majority  of  the  spacecraft  for  stabilization  and  control, 
with  additional  capacity  to  perform  the  data  handling  functions. 

Data  multiplexing/encoding/formatting  and  command  decoding/program- 
ming/verification/distribution  can  be  easily  accomniodated  with  the 
addition  of  appropriate  interface  units.  Computer  software  provides 
the  flexibility  for  accommodating  changes  in  data  handling  require- 
ments from  mission  to  mission.  Limited  storage  capability  for  exper- 
iment or  status  data  can  be  provided  by  the  addition  of  computer 
memory  modules. 

Storage  and  readout  of  large  quantities  (>10^  bits)  of  data  is  best 
accomplished  with  magnetic  tape  recorders  since  varying  the  playback 
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Operating  Regime 

Data  Rate  (bps) 

ERP  (dbw) 

Low  earth  orhit 

10*^ 

8 

105 

- 12 

Synchronous  Orbit 

K 

28 

10^ 

- 12 

Interplanetary  - 1 AU 

lo5 

52 

- 3 AU 

105 

61 

- 1 AU 

33 

17  (omni) 

-3  AU 

3 

17  (omni) 

Fig.  7-21  Effective  Radiated  Power  (ERP)  Requirements 
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Operating  Regime 

Transmitter  Power  (watts) 

Antenna  Type 

Lew  Earth  Orbit 

0.25 

Omni 

2.5 

Omni 

10.0 

Omni 

Syncbrono'as  Orbit 

0.25 

Omni  & earth  coverage 

2.5 

Omni  & earth  coverage 

2.5 

3 ft  parabolic 

VJl 

U) 

Interplanetary 

50.0 

Omni 

50.0 

10  ft  parabolic 

50.0 

30  ft  parabolic 

1 ft  = 0.3048  m 


Fig.  7-22  Transmitter  Power  and  Antenna 
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speed  permits  matching  contact  time  and  link  capacity.  Although 
the  number  of  recorder  variables  precludes  selecting  a standard 
Tinit  at  this  time,  a representative  unit  for  low  earth  orbit 
missions  is  a two-track  digital  recorder  with  a record -to-playback 
ratio  of  1:26. 

7.4.6. 3 CDPI  Basic  Elements.  The  Standeird  CDPI  Subsystems  are  grouped  into 
three  categories: 

& Low  Earth  Orbit  (LEO):  Communication  distance  ^ 2200  nm  (4080  km)— 

altitude  less  than  1000  nm  (1852  km) 

o Synchronous  Earth  Orbit  (SEO):  Communication  distance  22,000  nm 

(40,800  km) 

o Planetary:  Communication  distance  1 to  3 AU 

a.  LEO  Configuration  of  CDPI.  Figure  7-23  shows  the  LEO  configuration 
and  optional  components. 

The  Data  Distribution  and  Interface  Unit  (DDIU)  provides  multiplex- 
ing, encoding,  formatting,  decoding,  timing,  routing,  and  processing 
in  conjunction  with  the  computer.  This  unit  is  conceived  as  being 
flexible  enough  to  handle  a variety  of  data  rates  and  formats  to 
meet  all  anticipated  mission  requirements.  The  computer  is  e3g)and- 
able  in  its  memory  capacity  to  match  the  requirements  of  a particu- 
lar mission.  Multiplex  digital  experiment  and  status  telemetry  data 
Is  routed  to  the  tape  recorder  for  storage  or  directly  to  the  trans- 
ponder or  separate  communication  transmitter  for  transmission  to  the 
ground  stations . 

6 7 

Data  rates  of  10  bps  and  10  bps  require,  in  addition  to  power 
amplifiers  of  2. 5W  and  ICW,  respectively,  a carrier  frequency  separ- 
ate from  the  coherent  transponder  down -link  because  of  the  wide 
band  width  requirement.  The  transponder  is  of  the  Unified  S-Band 
(USB)  carrier  type  of  NASA's  or  the  USAF's  equivalent  Space  Ground 
Link  Subsystem  (SGLS).  For  discussion  purposes,  the  uplink  frequency 
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Fig.  7-23  Standard  LFO  CDPI  Subsystem  Configuration 
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band  is  assumed  to  be  at  1.75  to  I.85  GHz  and  the  downlink  band  at 
2.2  to  2.3  GHz.  The  unified  carrier  transponders  receive  the  uplink 
carrier  modulated  with  a range -tracking  digital  code  sequence  and 
command  subcairiers.  The  command  configuration  is  demodulated  and 
sent  to  the  DDIU  for  decoding.  The  range  code  is  demodulated  with 
telemetry  subcarriers  onto  the  down  link  carrier  which  is  coherently 
related  to  the  uplink  frequency.  The  coherent  carrier  allows  precise 
two-way  doppler  tracking  of  the  spacecraft  in  addition  to  range 
tracking  measurements. 

The  transmit  and  receive  frequencies  are  isolated  from  each  other  by 
a diplexer  to  allow  operation  through  a single  antenna.  The  omni- 
directional antenna  permits  unrestricted  vehicle  attitude;  a typical 
antenna  woxild  be  the  "slotted  cylinder"  type  fed  by  a boom  waveguide. 
Selection  of  a "standard"  omni-type  antenna  is  not  possible  at  this 
preliminary  stage  since  the  pattern  is  highly  dependent  upon  the 
spacecraft  physical  configuration  and  antenna  placement. 

b.  SEP  Configuration  of  CDFI.  The  SEP  configuration  and  options  are 
shown  in  Figure  J-Bh.  The  tape  recorder  would  only  be  required  if 
continuous  readout  is  not  possible  due  to  ground  station  overloading. 
Some  storage  capability  may  also  be  provided  in  the  computer  summary. 

c.  Interplanetary  Configuration  for  CDFI.  The  standard  CDPI  subsystem 
configuration  for  Interplanetary  distances,  Figure  7-25,  provides 
all  the  capability  of  options  shown  earlier. 

7.4. 6. 4 CDPI  for  Spin  Stabilized  Spacecraft.  Spin  stabilized  spacecraft 
will  not  require  a general  purpose  computer  for  stabilization  and  control. 

In  such  a vehicle  it  therefore  may  be  less  costly  and  simpler  to  use  separate 
black  boxes  to  perform  the  data  handlxng  functions.  This  alternate  CDPI  sub- 
system configuration  is  shown  in  Figure  7-26.  Separate  PCM  Multiplexer/En- 
coders are  used  to  gether  the  experiment  and  status  data  and  a separate  Com- 
mand Decoder  and  Command  Programmer  is  used  to  handle  the  command  Information. 
The  remainder  of  the  communication  equipment  is  identical  to  that  of  the 


7-56 


LOCKHEED  MISSILES  6c  SPACE  COMPANY 


LOCKHEED  MISSILES  ft  SPACE  COMPANY 


I 

V-Tl 


I ^XPB-R  j_ 


L 


J 


T>ArA 
2>/S  TR\&. 

i 

Ja 


Urt- 


/;?ecar<i>e^ 

\/////A 


•2 1'Z  4t>'Z<  3 Cs\  ft-^es 

^ ^r4"  phfAl:>c[c\. 


OTVDh^ 

P4T/I 

XPoxip&ii 

XMTF 

PA  ■ 

,4A/re'A;AJ/i 

/ 

5X 

i 

2 

3K 

— 

Gm  til 

3 

iO^ 

— 

O.'Z^ 

-= 

S.C. 

4 

/O^ 

— 

O.^ty 

2.5 

e.c. 

5 

» 

- 

1^.5 

S-Pf  (^0 

) 


V-TZ^  S-rANDAALT>  SSa  CX>Pl  5u^ S^/1i>7eM  Cof^  U^A T/C> aJ 


LMSC-A990556 


LOCKHEED  MISSILES  ^ .SPA^  COMPANY 


Opo>^  yi'ti^Sf'ot^  r&-r^u>y^C.t/^C\.A%. 


p/6?  -‘j‘;^g^^T/<\MPAeb  I ^^TggPMM€TA/^V 


6PP(  50/!,SV^TSM  CbM-F(6ogAT!QU 


LMSC-A990556 


LOCKHEED  MISSIVES  A .SPACE  COMPANY 


Op-ffoyta!^  C^CdjPNeyt't 

ya’/’C 


7-"^^  ALr&SA>AT£  L&O  c-t>pf  Cd>^ FfC->^O^ATi<DKi  (sP/Af-  STABtUZ£l>^ 


LMSC-A990556 


LMSC-A990556 


previously  described  CDPI  subsystem. 

7.4.6. 5 Siiwinarizatlon  of  CDPI  Standard  Subsystem  Options.  A summary  of  the 
selected  options  for  standardized  CDPI  subsystems  in  each  of  three  mission 
categories  is  summarized  in  Figure  T-2T'  'Hie  primary  differences  between 
options  is  the  addition  of  an  amplifier  and/or  different  antenna  to  enable 
the  transmission  of  higher  data  rates.  The  resultant  impact  on  the  space- 
craft design  is  a power  increase  and  more  stringent  antenna/spacecraft  point- 
ing req.ulrement. 

7. 4. 6. 6 Modularization  of  CDPI  Equipment.  The  Standard  CDPI  subsystem  is 
most  readily  grouped  into  two  basic  modules  as  shown  in  Figure  7-28.  Module 
1 contains  all  of  the  data  handling  equipment  which  is  readily  removable  from 
the  spacecraft.  This  includes  the  transponder^  transmitter,  amplifiers, 
couplers,  and  diplexers. 

Antennas  would  normally  stay  with  the  spacecraft  ( non -replaceable ) . Instru- 
mentation would  be  distributed  throughout  the  spacecraft  in  the  other  sub- 
systems. Estimated  maximum  size  and  weights  for  the  two  modules  are: 


5i-ze 

Weight 

Data  Handling  Module 

12x24x24  in 

60  lbs. 

(30.5x61x61  cm) 

(27.2  kg) 

RF  Module 

10x20x20  in 

32  lbs. 

(25.4x50.8x50,8  cm) 

(14.5  kg) 

The  size,  weight,  and  power  of  all  the  CDPI  Subsystem  equipment  is  listed  in 
Figures  7-29a  and  7-29b  (lEO)j  Figures  7*30a  and  7~30t  (SEO);  and  7-31  (inter- 
planetary). 

7.4. 6-7  Standard  CDPI  Components.  The  components  were  selected  on  the  basis 
of  meeting  a maximum  number  of  performance  categories  with  the  smallest  num- 
ber of  units  reqtii ring  development,  production  and. invent oiy. 
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Mission  Category 

Data  Rate 
(bps) 

Wei^t 

(lbs) 

Power 

(watts) 

Conmients 

LEO 

|M 

3 X 10^ 

61,5 

73/79 

4 X 10^ 

62 

83/89 

Add  2-5W  anplifler 

1.6  X 10*^ 

67.5 

113/119 

Add  low  amplifier 

3 X 10^ 

43.5 

38/44 

Spinner  - no  computer 

SEO 

B 

3 X 10^ 

77 

66 

k 

3 X 10 

77.5 

76 

Add  amplifier 

H 

10^ 

82 

69 

Add  transmitter  and 
and  E.C.  Antenna  * 

1 

10^ 

82.5 

79 

Add  transmitter  and 
E.  C.  Antenna  * 

1 

10'^ 

82.5 

79 

Add  transmitter, 
amplifier^  and  3 -foot 
antenna j antenna 
steering  required 

Interplanetary 

B 

10^  at  1 AU 

93.3 

271 

10 -foot  tracking 
antenna 

2 



10^  at  3 AU 

273 

271 

30-foot^  tracking 
antenna 

*E.  C.  = earth- coverage  horn 


1 lb  = 0.4536  kg 
1 f t = 0.3048  m 


Fig.  7-27  Standa.rd  CDPI  Subsystem  Summary 
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Component 

Size,  in 

(cm) 

Wei^t,  lbs 
(kg) 

Power 

(watts) 

Option  1;  Data  rates  ^ x 10^  bps 

Data  Dist.  and  Interface  Unit 

9 X 12  X 12 

(22.9  X 30.5  X 30.5) 

35 

(15.9) 

30 

Computer 

8 X 8 X 10 

(20.3  X 20.3  X 25.4) 

16 

(7.3) 

20 

Transponder 

16  X 8 X 6 
(ko.6  X 20.3  X 15.2) 

12 

(5.5) 

16 

Transmitter 

2x5x6 

(5.1  X 12.7  X 15.2) 

2 

(0.91) 

3 

Diplexer 

2 X 5 X !(• 

(5.1  X 12.7  X 10.3) 

2 

(0.91) 

- 

Hybrid  Coupler 

0.5  X 3 X 3 
(1.27  X 7.6  X 7.6) 

0.5 

(0.23) 

Qrtim'  Antenna 

8 dia  X 16  L 

(20.3  fS-ia  X 4o.6  l) 

2 

(0.91) 

- 

Tape  Recorder 

7x8x9 

(17.8  X 20.3  X 22.9) 

8 

(3.6) 

4/10 

Totals 

Option  2:  Data  rates  ^ if  x 10 

77.5  lbs 

(35.2  kg) 

73/79  u 

Same  as  Option  1 except  add: 

Power  Amplifier,  2.5W 

2x2x3 
(5.1  X 5.1  X 7.6) 

0.5 

(0.23) 

10 

Totals 

Option  3 : Data  rates  i 1, 6 

X 10*^ 

78  lbs 
(35.5  kg) 

83/89  u 

Same  as  Option  1 except  add: 

Power  Amplifier,  lOW 

3 X 6 X 12 
(7.6  X 15.2  X 30.k) 

6 

(2.7) 

4o 

Totals 

83.5  lbs 

(38  kg) 

123/129 

Fig.  T-29a  LEO  CLPI  Summary  (Sheet  1 of  2) 
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Conrponent 

Size,  in 
(cm) 

Weight,  lbs 
(kg) 

Power 

(watts) 

Option  4:  Data  rates  ^ 3 2C 

10^ j Spinner 

PCM  MUX/Encoder 
(1024  BPS,  128  CH) 

8x6x6 

(20,3  X 15.2  X 15.2) 

5 

(2.27) 

5 

PCM  MUX/Encoder 
(1024  BPS,  128  CH) 

8x6x6 

(20.3  X 15.2  X 15.2) 

5 

(2.27) 

5 

Command  Decoder 
(128  COMNDS) 

9x6x6 

(22.9  X 15.2  X 15.2) 

6 

(2.73) 

2 

' Command  Programmer 
(l6 -Event,  Variable  Delay) 

6x5x8 

(15.2  X 12.7  X 20.3) 

^ 7 

(3.18) 

3 

Tape  Recorder 
(120  min.,  2-track) 

7x8x9 

(17.8  X 20.3  X 22.9) 

8 

(3.63) 

4/10 

Transponder 

16  X 8 X 6 
(4o,7  X 20.3  X 15.2) 

12 

{5M) 

16 

Transmitter 

2x5x6 

(5.1  X 12.7  X 15.2) 

2 

(0.91) 

3 

Diplexer 

(100  dh  isolation) 

2x5x4 

(5.1  X 12.7  X 10.3) 

2 

(0.91) 

- 

Hybrid  Coupler 

0.5  X 3 X 3 
(1.3  X 7.6  X 7.6) 

0.5 

(0.27) 

- 

Omni  Antenna 

8 dia  X 16  L 

(20.3  dia  X 4o.6) 

2 

(0.91) 

- 

Totals 

49.5  lbs 

(22.5  kg) 

38/44 

Fig.  7-2913  EEO  C13PI  Summary  (Sheet  2 of  2) 
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Coniponent 

Size,  in 
(cm) 

Wei^t,  Ihs 
(kg) 

Power 

(watts) 

Option  1:  Data  rates  ^ x 

10^  hps 

DDIU 

9 X 12  X 12 
(22.9  X 30.5  X 30.5) 

35 

(15.9) 

30 

Computer 

8 X 8 X 10 

(20.3  X 20.3  X 25.4) 

16 

(7.3) 

20 

Transponder 

16  X 8 X 6 
(4o.7  X 20.3  X 15.2) 

12 

(5.5) 

16 

Onmi  Antenaa 

8 dia  X 16  L 
(20.3  dia  X 4o.6  L) 

2 

(0.91) 

- 

Diplexer 

2x5x4 

(5.1  X 12.7  X 10.3)) 

2 

(0.91) 

- 

Totals 

67  Ihs 
(30.5  kg) 

66  w 

Option  2;  Data  rates  S3  x 

4 

10  hps 

Same  as  Option  1 except  add: 

Power  Amplifier,  2.55^ 

2x2x3 
(5.1.x  5.1  X 7.6) 

0.5 

(0.22) 

10 

Total 

67.5  Ihs 
(30.7  kg) 

76  w 

Option  3:  Data  rates  ^0^ 

Same  as  Option  1 except  add; 

Transmitter 

2x5x6 

(5.1  X 12.7  X 15.2) 

2 

(0.91) 

3 

E.C,  Horn  Antenna 

18  dia  X 24  L 
(45.7  dia  X 61  L 

3 

(1.36) 

- 

Totals 

72  Ihs 
(32.7  kg) 

.69  w 

Pig.  T~30a  SSO  CDPI  Stmima3?y  (Sheet  1 of  2) 
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CoH^onent 

Size,  in 
(cm) 

WHSIMm 

Power 
(watts ) 

6 

Option  4:  Data  rates  ^0 

Same  as  Option  3 except  add; 

Power  Amplifier,  2.5W 

2x2x3 

0.5 

10 

(5.1  X 5.1  X 7.6) 

(0.23) 

- 

Total 

7 

Option  5:  Data  rates  ^0 

72.5  Ihs 
(33.0  kg) 

79  w 

Same  as  Option  1 except  add; 

Transmitter 

2x5x6 

(5.1  X 12.7  X 15.2) 

2 

(0.91) 

3 

Power  An^)lifier,  2.5W 

2x2x3 
(5.1  X 5*1  X 7*6) 

0.5 

(0.23) 

10 

3 -foot  (0.92m)  Antenna 

3 -foot  dia 

3 

— 

(0.92-m  dia) 

(1.36) 

Totals 

72.5  Ihs 
(33.0  kg) 

Fig.  7**30b  SEO  CUPI  Siunmaiy  (Sheet  2 of  2) 
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Conxponent 

Size,  in 
(cm) 

■Weight,  lbs 

X^S,) 

Power 

(watts) 

Ontion  1:  10^  tps  at  ^ AU 

DDIU 

9 X 12  X 12 

(22.9  X 30.5  X 30.5) 

35 

(15.9) 

30 

Computer 

8 X 8 X 10 

16 

20 

(20.3  X 20.3  X 2^.k) 

(7.28) 

Transponder 

16  X 8 X 6 
(4o.6  X 20.3  X 15,2) 

12 

(5.5) 

16 

Poorer  Amplifier,  5OW 

3 X 6 X 12 

(7.6  X 15.3  X 30.5) 

6 

(2.72) 

200 

KP  Switch 

1.5  X 1.5  X 3 
(3.8  X 3.8  X 7*8) 

0.3 

(0.13) 

- 

Diplexer 

2 X 5 X *4- 

(5.1  X I2-.7  X 10.2) 

H 

0^ 

CM  6 

Omni  Antenna 

8 dia.  X 16L 

(20.3  X 40.6) 

. __ 

2 

(0.91) 

- 

10-foot  (3.051a)  Antenna 

10 -foot  dia 

20 

5 

(3.05-m  dia) 

(9.75) 

— 

Totals 

C 

93.3  Ihs 

(42.4  kg) 

271  w 

Option  2:  lO"^  bps  at  ^ AU 

Same  as  Option  1 except  replace  10 -foot  (3.05m)  Antenna  with  30 -foot 

(9.151a) 

Antenna: 

30-foot  (9.15-ia)  Antenna 

30 -foot  dia 

200 

5 

(9.15-m  dia) 

(91.5) 

. 

Totals 

271  w 

Fig.  7-31  Interplanetary  CDPI  Smmnary 
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a.i  Data  Distribution  and  Interface  Unit»  This  unit  must  be  designed 
and  developed  to  operate  with  a designated  general-purpose  computer. 
Its  design  requirements  can  be  determined  from  a detailed  analysis 
of  the  mission  model.  Preliminary  specifications  for  the  unit  are: 


Inputs ; 


Outputs ; 

I 

\ 


i 

Functions : 

r 


Multiplexer:  6k  to  512  channels 

Command:  1 to  10  kbps 

Computer;  TBD 

3 7 

Experiment  data:  lO"^  to  10  bps  PCM 

3 5 

Telemetry  data:  lO"^  to  10"^  bps  PCM 

Command:  32  to  256  commands 

• Multiplex', 

• Analog  to  digital  conversion,  8-bit 

• Verify  and  decode  commands 
» Route  data 

• Provide  system  timing 


b.  Computer.  This  imit  is  described  as  part  of  the  standard  SS£!  sub- 
system. 


c.  Transponder.  This  is  a USB-type  (or  SGLS)  transponder;  it  is  common 

to  all  Standard  CDPI  Subsystems.  Two  models  required  because  of 

the  different  receiver  tracking  bandwldths  and  range  code  require- 
ments; one  for  all  missions  at  or  below  synchronous  altitudes  and 
the  second  for  interplanetary-type  missions. 

1 

Prjeliminaiy  specifications  indicate  a receiver  dynamic  range  of  -40 
to  -12,7  dbm  is  desirable. 

d.  Power  Amplifier.  Typical  specification  for  the  power  amplifiers 
are: 


Power  Output 


2.  5 Watt 

10  Watt 

50  Watt 

Frequency  (SEz) 

2.2  - 2.3 

2.2  - 2.3 

2.2  - 2 

Bandwidth  (MHz) 

5 

100 

100 

Gain  (db) 

10 

13 

23 
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Antenna.  Typical 

antenna  specifications 

are: 

Frequency  (GHz) 

Gain  (db) 

Remarks 

Omni 

1.75  - 2.3 

0 

Slotted  cylinder 

Earth  Coverage 

IT 

+15 

20  deg  BW 

3-foot  (0.91m) 

It 

+2k 

Limited  steering 
required 

10-foot  (3* 05m) 

1.T5  " 2-2 

+34 

Monopulse  receive 
feed  furlable 

30-foot  (9* 15m) 

1-75  “ 2.', 3 ' 

+44 

Furlable 

l.h.'J  Attitude  Control  and  Station -Keeping,  Fropiilsion  Subsystem.  (ACS) 

J.h.T.l  ACS  Req.uirements.  Spacecraft  propulsion  req.uirenients  for  attitude 
control,  station  keeping,  and,  where  applicable,  planetary  orbiter  Injection, 
were  extracted  from.  ITASA  Mission  Model  projections  or  were  estimated  where 
these  lacked  definition.  Attitude  control  and  station  keeping  requirements 
determine  the  attitude  control  system  (ACS),  whereas  planetary  orbiter  in- 
jection requirements  will  size  the  main  propulsion  system. 


a.  Total  Impulse.  Attitude  control  requirements  are  configuration- 
dependent.  It  was  therefore  necessary  to  develop  scaling  relation- 
ships for  using  the  low-cost  SEO  as  a reference.  Applying  these 
relationships  to  the  programs  in  the  Mission  Model  produces  the 
distribution  of  attitude  control  total  impulses  shown  in  Figure 
7-32.  For  station-keeping  requirements,  the  low  cost  SEO  was 
again  used  as  reference.  The  total  impulse  requirements  of  SSD 
are  as  follows: 

3750  lb-sec  (1668O  newton-sec)  for  Station  Keeping 
500  lb-sec  (2220  newton-sec)  for  Attitude  Control 
750  lb-sec  (3335  newton -sec)  Contingency 

5000  lb -sec  (22200  newton-sec)  Total 
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To  determine  the  total  impulse  for  the  other  missions,  this  impulse 
was  scaled  ty  weight  directly  assuming  that  the  stationkeeping 
req.uired  of  a synchronous  equatorial  satellite  is  representative  of 
the  mission  model.  The  resulting  computed  impulse  req.uirements  are 
plotted  in  Figure  7-33*  Thus,  depending  upon  whether  or  not  there 
is  a translation  requirement,  there  is  a concentration  of  impulse 
into  one  of  two  ranges:  (l)  200  to  500  Ih-sec  (890  to  2,220  newton- 

sec)  or  (2)  1,000  to  4,000  lb-sec  (4,450  to  17,800  newton-sec). 
Heavier  payloads  in  the  program  Mission  Model  which  must  perform  a 
"stationkeeping"  operation,  would  require  total  impulse  in  the 

20.000  to  30,000  lb-sec  (89,000  to  133^500  newton-sec)  range. 

b.  Thrust  Level.  The  thrust  levels  must  be  selected  to  have  a small 

enough  pulse  width  to  be  capable  of  maintaining  the  vehicle  within 
the  proper  control  band  and  also  be  large  enou^  to  perform  the  fol- 
lowing functions:  (l)  unload  a momentum  wheel,  (2)  slew  the  vehicle 

to  a new  position,  and  (3)  position  vehicle  for  docking.  Initially, 
four  thrust  levels:  0.2,  0.5^  3-5^  and  5 lb  were  considered  to  cover 
the  spectrum  of  applications.  Later  this  was  reduced  to  two:  O.5  and 

5.0  lbs  (2-22  and  22.2  newtons). 

c.  Propellant  Selection.  The  type  of  ACS  propulsion  system  to  be  used 
has  been  selected  with  heavy  weighting  in  the  direction  of  technology 
status  and  reliability.  According  to  past  experience  the  smallest 
ACS  requirements,  200  to  500  lb-sec  (89O  to  2,220  newton-sec)  total 
Impulse  and  0-2  lb  (O-89  newton)  thrust  most  logically  would  be 
satisfied  by  cold  gas.  The  second  and  third  groups,  with  1,000  to 

30.000  lb-sec  (4,440  to  133^500  newton-sec)  total  impulse  and  0.5  to 

5.0  lb  (2.2  to  22.2  newton)  thrust,  fall  into  monopropellant  hydra- 
zine regime.  However,  with  pulsing,  hydrazine  systems  can  produce 
both  the  high  and  low  thrust  levels  whereas  with  cold  gas  systems 

storage  volumes  become  unwieldy  for  the  projected  upper 
total  impulse  levels  of  safe  operating  pressure,  3OOO  psia  (2070  new- 
ton  per  cm  ).  In  the  interest  of  commonality  hydrazine  has  been 
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selected  to  fiilfill  both  requirements  on  the  standard  spacecraft. 
Monopropellant  hydrazine  systems  offer  the  advantages  of  relatively 
high  perfoimance  with  inherent  simplicity.  Hydrazine  systems  in 
- this  thrust  range  have  demonstrated  a steady-state  specific  impulse 
of  200  sec.  nJhe  simplicity  of  the  hydrazine  design  comes  from  the 
use  of  snly  one  prapellant,  from  the  modest  decomposition  tempera- 
ture and  from  the  use  of  a hlow-down  pressurization  system.  A relia- 
bility of  better  than  0.998  can  be  projected. 

7. 4. 7.2  Hydrazine  ACS  Description.  The  Attitude  Control  Subsystem  consists 
of  four  identical  modules,  one  of  'which  is  schematically  shown  in  Figure  7-34. 
Using  monopropellant  hydrazine  -with  Shell  405  catalyst,  the  subsystem  operates 
in  a blowdown  mode  with  nitrogen  as  the  pressurant  gas.  Siirface  tension  de- 
•vlees,  as  shown  in  Figure  7-35^  are  used  for  controlling  the  propellant  orien- 
tation in  the  tank.  This  passive  propellant  management  de-vice  ensures  delivei 
of  gas -free  propellant  to  the  thruster  assembly  under  any  condition  of  opera- 
tion. 

The  subsystem  employs  both  active  and  passive  thermal  controls  to  prevent 
propellant  freezing  and  to  reduce  ignition  delay  and  pressure  spiking  during 
low-'duty-cycle  pulse-mode  operations. 

The  redtondancy  pro-vlded  in  the  module  includes  dual-series  propellant  valves, 
and  red\indant  heaters.  Redundancy  is  not  considered  necessary  for  the  other 
components  in  the  system  because  of  their  passive  operation  in  flight  and 
demonstrated  high  leliability.  Two  standard  ACS  modules  were  sized  as  de- 
scribed below  and  summarized  in  Figure  7-3^.  The  small  standard  module  was 
designed  so  that  three  modules  could  supply  60OO  lb-sec  (26,700  newton-sec) 
total  impulse.  This  amount  will  accommodate  the  majority  of  the  using  progran 
Each  spacecraft,  however,  is  designed  to  carry  four  standard  modilLes  or  8,000 
lb-sec  (35^800  ITe'wton- sec ) total  impulse.  The  additional  impulse  is  useful 
in  the  event  one  or  mora  propellant  valves  fail.  The  large  standard  module 
was  designed  to  the  same  ground  rules  except  that  -the  maximum  total  impulse 
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WEIGHT 


I!TEM 

Thruster  Ass'y.  (l) 

Hydrazine  Tank  (l) 

Fill/Drain  Valve  (l) 
Pressure  Transducers  (l) 

Temperature  Transducers 

Filter  (l) 

Heaters  (l8) 

Plumbing,  Fittings,  etc. 
Hydrazine  Propellant 

1 lb  = 0.4536  kg 


DESCRIPTIOW 

..SMALL 

MODULE 

LARGE 

MODULE 

Cluster  of  four  nozzles:  0.5  Ibf 

(2.22  nevton)  (small);  5>0  Ibf 
22.2  nevton)  (large) 

6.0  lb 

9.0  lb 

12.5”  /21"  (3I.T/53.3  cm)  ID  2 
titanium,  450  psia  (31O  newton -cm  ) 
maxim'um 

7.0 

15-0 

Manually-operated,  double  seals 

0.2 

0.2 

O-5OO  psia  2 

(0  to  345  newton -cm^) 

0.5 

0.5 

(6)  Two  @ 0-2000°F  (273  - I320°K) 

Two  @ 0-300°F  (273  - 423°K) 

O.T 

0.7 

10  micron  (lOxlO"^mm)  (norm) 
25  micron  (25xlO"3)  (abs) 

0.5 

0.5 

All  but  four  thermostatically 
controlled 

2.0 

2.0 

Stainless 

1.5 

1-5 

11 

53 

Figure  7-36  Equipment  List  - ACS  Modules 
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is  30^000  llD-sec  (133^^00  newton-sec)  from  four  modules. 

With  the  It^ydrazine  system  operating  in  a "blowdown  mode,  thrust  varies  with 
the  feed  pressvire.  Therefore  hy  changing  the  propellant  loading  both  total 
impulse  and  thrust  can  be  varied.  For  the  two  thruster  sizes,  nominally  0.5 
and  5.0  Ibf  (2.2  and  22.2  newton).  Figure  T~37  shows  the  relationship  of 
thrust  and  feed  pressure. 

T.4.7.3  Main  Propulsion  Req'uirements.  Some  spacecraft  missions  involve  major 

trajectory  changes  such  as  orbital  plane  change  or  Injection  into  circum- 

planetary  orbit.  In  order  to  keep  burn  times  within  reasonable  limits  the 

associated  thrust  levels  have  to  be  hi^er  than  offered  by  the  ACS.  The 

question  arises  whether  such  main  propiilsion  requirements  are  sufficiently 

recurring  to  be  candidates  for  standardization.  A survey  of  the  MSA  Mission 

Model  shows  that  only  planetary  missions  require  a main  propulsion  system  in 

the  spacecraft.  Earth  orbital  mission  uses  the  last  launch  vehicle  stage 
\ 

(upper  stage)  for  such  maneuvers.  It  was  found  that  maneuver  requirements  of 
spacecraft  going  beyond  Mars  exceed  the  capabilities  of  what  covild  reasonably 
be  called  spacecraft  propulsion,  and  they  are  therefore  not  considered  here. 
Also,  planetary  landers  and  payload  return  missions  were  excluded  because  they 
have  propulsion  requirements  that  would  not  be  amenable  to  standardization. 

Main  propulsion  requirements  were  determined  from  orbit  injection  velocity 
requirements  assuming  a thrust/weigfat  ratio  of  about  l/lO.  Figure  7-38  shows 
the  main  propulsion  requirements  of  five  programs  containing  eight  flights. 
ALthou^  some  modularity  in  requirements  can  be  seen,  the  incidence  is  too 
small  to  make  standardization  worthwhile. 

7.^.8  Stabilization  and  Control  (*S&C)  Subsystem 

7. 4. 8.1  S&C  Subsystem  Requirements.  The  Standard  Spacecraft  Stabilization 
and  Control  Subsystem  has  the  following  functions; 

© Stabilize  the  spacecraft  following  shuttle  separation,  and  establish 
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Thrust 

@ T « 800  Ihf  (3560  Newtons) 
@ T « 100  Ibf  (Mi-5  Newtons) 


2 3 

1 2 


2 

Totals  5 


Total  Impulse 


@ « 1,530,000  lb  sec 

(6,800,000  Newton-sec) 

@ 700,000  lb -sec 

(3,111,000  Newton-sec) 

@ 200,000  lb -sec 

( 888,000  Net-iton-sec) 


Fig.  7-38  Orbit  Injection  Requirements  of  Planetary  Spacecraft 
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a preselected  attitude  with  a precision  as  great  as  20  sec  (including 
random  payload,  reference  alignment  errors  of  up  to  10  sec. 

0 Orient  the  spacecraft,  as  required,  to  the  reference  attitudes  •'dic- 
tated hy  the  mission  objectives. 

• Accept  attitude  pointing  error  signals  from  payload  sensors  with  resolu- 
tion as  fine  as  0.01  to  0.10  see  and  as  coarse  as  10  to  15  sec  and  con- 
trol attitude  with  commensurate  accuracy. 

« Hold  the  spacecraft  in  a reference  attitude  with  the  required  accuracy 
over  periods  of  time  up  to  2 years. 

• Reorient  the  spacecraft  to  the  reference  attitude  from  any  attitude 
following  loss  of  reference  due  to  reversible  system  failures  for 
tumbling  rates  up  to  10  deg/sec. 

« Point  the  spacecraft  at  the  sun  with  near  zero  rates  following  primary 
subsystem  failure. 

Figure  T~39  shows  the  cumulative  number  of  programs  satisfied  by  a given 
pointing  accuracy.  The  basic  letters  (A,  B,  C — F)  ref er 'to  basic  subsystem 

j 

options  identified  later  on  Figure  7-^l-  Figure  7-U0  shows  the  region  of 
applicability  of  star  sensors  and  horizon  sensors. 


Within  the  Mission  Model,  analysis  identified  six  logical  levels  of  pointing 
capability,  categorized  by  accuracy,  altitude,  and  spacecraft  orientation. 
Associated  with  each  type  is  the  estimated  allowable  contribution  from  the 
attitude -reference  source.  If  an  electronic  offset  scanning  star  tracKer  is 
used  the  maximnm  allowable  field  of  view  can  be  specified.  Those  conclusions 
are  summarized  in  Fig.  7-^1 • 

The  estimated  numbers  of  multi-use  star  tracker  heads  needed  vs  mission  type 
and  attitude  pointing  reqxiirement  are  shown  in  Figure  J-k2. 
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‘ '1 

System 

Capability 

Type 

Orien- 

tation 

Desired 

Maximum 

Pointing 

Error 

Estimated  Maximum 
Allowable  Instru- 
ment Error 

Corresponding  Field 
of  View  (Accuracy: 
one  part  in  6OO) 

A 

Stellar 

20  sec 

15  sec 

2.5° 

B 

Stellar 

15  min 

4 min 

0 

0 

C 

Earth 

15  min 

4 min 

40° 

B 

Earth* 

25  see 

15  sec 

°u^ 

CM 

E 

Earth 

4 min 

2 min 

0 

0 

CM 

F 

Spin 

1 deg 

30  min 

Wot  Applicable 

* High  altitude  only. 


Fig,  7-4i  Pointing  Requirement  Classifications 


Humber  of  Tracker  Heads 
( Hon-Redundant ) 

Mission 

Applications 

Required 

Pointing 

Precision 

Satellite 

Earth- 

Oriented 

Satellite 
Stellar- 
Orient  ed 

Low 

Earth 

Orbit 

20  sec  to  0.25° 
Less  than  0,25° 

3 (E) 
2*(C) 

3 (A) 
2 (B) 

Hi^ 

20  sec  to  0.25° 

3 (B) 

2 (a) 

Orbit 

Less  than  0.25° 

1*(C) 

1 (B) 

Earth 

20  s^c  to  0.25° 

Hot 

2 (A) 

Escape 

Less  than  0.25° 

Applicable 

1 (B) 

* or  none  - replaced  "with  Horizon  Sensor, 


Fig.  Y-k-2  Implementation  of  Requirements  with  Fixed  Head  Trackers 


7-83 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


7.4.8. 2 S&C  Sub sy stem/ Implementation.  A unit  of  equipment  for  multipurpose 

use  should  combine  a wide  range  with  a high  resolution  or  precision.  This 

ideal  is  realizable  with  1971  technology:  The  strapdown  rate  sensor  and 

programmable  digital  computer  have  a range  of  1 part  in  10^;  the  digital 

4 

solar  aspect  sensor  1 part  in  10  ; and  the  multi -head  star  tracker  1 part  in 
1^,  The  dynamic  range  of  reaction  wheel  control  torque,  depending  principal- 
ly on  system  quantization,  is  effectively  unlimited. 

7.4.8. 3 Standard  S&C  Subsystem  Variants  and  Characteristics.  All  standard 
stabilization  and  control  subsystem  variants  will  include  the  following  basic 
components: 

1)  Three-axis  attitude  rate  sensor  package 

2)  General  purpose  digital  computer 

3)  Two  two -axis  solar  aspect  sensors 

4)  Four  laser  corner  cube  reflectors 

5)  Attitude  contra!  propulsion  drive  electronics 

The  S&C  variants  will  be  made  up  by  adding  parts  selected  from  the  following 
list,  of  optional  equipment: 

1)  Fixed  head  star  trackers  (one  to  four) 

2)  Reaction  wheels  (three) 

3)  Solar  Aspect  Sensors  (two  to  six) 

4)  ¥ide-range  earth  horizon  sensor  (one) 

The  fixed  head  star  trackers  can  be  fitted  with  either  wide-angle  (40  dfeg  max) 
or  narrow  angle  («  3 d.eg)  fleld-of-view  optics  depending  upon  the  accuracy  de- 
sired. Associated  with  each  star  tracker  and  with  the  reaction  wheels,  each 
pair  of  solar  aspect  sensors,  the  rate  sensor  package,  and  the  earth  sensor 
are  electronics  packages.  These  electronics  packages  will  be  mounted  in  the 
same  modules  as  their  associated  sensor  or  actuator.  Their  functions  will  be 
tailored  to  produce  a low  bit  rate  digital  electronic  interface  with  the  com- 
puter. 
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The  S&C  subsystem  characteristics  are  listed  on  Figure  T-^3* 

T-^.8.4  S&C  Subsystem  Operation.  The  principle  of  operation  of  the  primary 
attitude  determination  function  is  to  obtain  accurate  long-term  attitiide  in- 
fortEation  from  star  sensors  and  a computer-stored  star  catalogs  -while  the 
three-axis  rate  sensor  gyros  provide  a precise  short-term  reference.  Figure 
7-^A  shows  the  functional  and  equipment  relationships.  The  three-axis  rate 
sensor  (TAE?S)  and  up  to  five  fixed -head  star  trackers  (FHT)  provide  attitude 
data  to  the  computer  which  combines  them  in  a Kalman  filter  algorithm  to 
compute  spacecraft  attitude  precisely.  For  some  mission  applications^  a 
horizon  sensor  is  substituted  for  a star  tracker. 


Attitude  control  torques  are  obtained  by  varying  the  speed  of  the  reaction 
■wheels  or  pulsing  the  attitude  control  thrusters.  The  attitude  control 
thrusters  are  also  used  to  desaturate  the  reaction  -wheels  by  torquing  the 
spacecraft  and  to  slew  from  one  attitude  reference  to  another  if  required. 

The  subsystem  design  approach  takes  advantage  of  the  repeatability  and  sta- 
bility of  ineitial -grade  gyros  for  measurements  of  high  data-rate  attitude 
changes.  Because  random  variations  in  gyro  parameters  are  very  small  (less 
than  0.01  deg/hr)  only  discrete  updating  is  necessary.  The  periodic  star  or 
horizon  fixes,  -via  the  filter  in  the  computer,  hound  long-term  attitude  errors 
and,  at  the  same  time,  update  the  estimated  random  gyro  drifts,  scale  factor 
errors,  and  alignment  biases, 

A check  on  the  vehicle  orientation  in  space  is  available  to  the  ground  station 
by  readout  of  the  digital  solar  aspect  sensors.  These  same  sensors  would  he 
used  for  attitude  acquisition  and  reacquisition  should  a catastrophic  event 
cause  the  spacecraft  to  tumble. 
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Item 

Unit  Weight 
Qty.  ,'(lb) 

Size 

Power 

(Watts) 

Estimated  Failure  Rate 
(per  10  /Hr.) /Duty  Cycle  io 

Potential 

Supplier 

Three -Axis  Rate  Sensor 

1 

15 

500  in^ 

30 

8/100 

Kearfott 

Digital  Computer 

1 

18 

150  in^ 

25 

15/100 

CDC 

Digital  Solar 
Aspect  Sensor 

2 (min.) 
8 (max.) 

0.5 

3x3x1  in. 

0 

0.1/1-100 

Adcole 

Solar  Aspect 
Sensor  Electronics 

1 (min.) 
5 (max.) 

2 

5x5x2  in. 

2 

6/1-100 

Adcole 

Fixed  Head  Star 
Tracker 

Ho  Electronics 

1 (min.) 
3 (max.) 

12  (typ.) 

6Dx12  in. 
(■typ.) 

11 

5/100 

ITT  or 
Ball  Bros 

Earth  Horizon  Sensor 
& Electronics 

1 

(Optional) 

20 

300  in^ 

20 

6/100 

TRW 

Reaction  Wheel 

3 (Opt.) 

12 

8D  X 4 in. 

5 

1/100 

Bendix 

Reaction  Wheel 
Drive  Electronics 

1 (Opt.) 

15 

10x15x4  in. 

9 

4/100 

LMSC 

Attitude  Control, 
Propulsion  Drives 
Electronics 

4 

7 

8x4x3  in. 

3 

3/25 

LMSC 

Laser  Corner  Cube 
Reflector 

4 

2 

4x4x2  in. 

0 

H/A 

ITT 

1113  = 0.4536  kg 

1 in.^  = 16.4  cm^ 

' Fig.  7-43  Standard™SSC‘'S\ibsystenrParts‘*List 
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7 A. 8. 5 Standard  S&C  Hardware  Elements.  The  equipment  chosen  to  implement  the 
standard  S&C  subsystem  is  flexible.  The  options  available  to  the  user  are 
summarized  below. 

1)  Fixed  Head  Star  Trackers 

Field-of-view:  Interchangeable  optics  to  maximize  number  of  stars 

visible  for  a given  accuracy  level, 

Humber  of  heads:  Two  to  three.  Space  for  five  to  assure  two 

visible  stars,  considering  earth  occultation,  sun/moon  interference, 
vacant  areas  in  celestial  sphere,  and  redundancy.  Only  one  head 
when  used  as  earth  UV  horizon  locator. 

2)  General  Puz-pose  Digital  Computer 

Memory:  Expandable  from  kK  to  64K  l6-bit  words 

Software;  Permits  creation  of  subsystem  control-  laws,  sequencing 
and  logic  integration  to  meet  program  requirements  and  spacecraft 
dynamics.  Facilitates  changes.  Sufficient  capacity  to  perform 
other  functions,  in  particular,  data  processing  and  command  and 
telemetry. 

3)  Reaction  Wheels  (optional) 

Torque;  Expandable  from  2.0  to  T-5  in-oz.  ( 0.014  to  0,049  newton - 
meter) 

Momentum  Storage:  Expandable  from  0.I3  to  6.0  ft-lb-sec  (1.T6  to 

8.15  newton -meter-record)  by  wheel  rim  change. 

Humber:  Zero  or  three  depending  on  disturbance  torque  environment, 

mission  life,  pointing  precision,  and  weight  allowance. 

4.  Digital  Sim  Aspect  Sensors 

Field  of  view:  l6°  x l6°  to  128°  x 128° 

Angle  Resolution:  1/256  deg  to  1 deg 

Humber;  Two  to  ten  depending  on  coverage  desired  and  accuracy. 

5.  Earth  Horizon  Sensor  (Optional) 

Altitude  Range:  100  to  60,000  HM  (185  to  111,000  km) 
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Operating  offset  capability:  + 30° 

Accuracy:  + O.15  deg 

In  addition  to  having  the  potential  of  performing  as  a multi -mode  sensor,  the 
fixed  head  tracker  has  the  capability  of  being  readily  adapted  to  different 
levels  of  accuracy.  The  tracker  (photo  cathode,  image  dissector,  pover 
supply  and  sweep  control  electronics)  would  be  standard,  greatly  simplifying 
development  testing  and  the  interfaces  with  the  spacecraft.  The  capabilities, 
in  particular  the  field  of  view  (FOV)  and  accuracy,  of  the  tracker  would  then 
be  established  solely  by  the  choice  of  optics. 

The  rationale  for  numbers  of  trackers  other  than  two  rests  on:  (l)  the  high 

incidence  of  star  occultation  with  low  earth  orbit sj  (2)  the  wider  field  of 
view  permitted  for  low  precision  cases;  and  (3)  the  added  difficulties  with 
star  identification  when  earth -oriented. 


7. A. 8. 6 S&C  Equipment  Installation.  Figure  7“^5  shows  one  arrangement  of  S&C 
sensors.  Typically,  five  bay  locations  are  reserved  for  identical  "Attitude 
Sensing  Modules"  although,  as  indicated  earlier,  no  more  than-three  star 
trackers  are  required. 

Providing  space  for  up  to  five  fixed  head  trackers  and  ten  sun  sensors  peimits 
incorporation  of  part  redundancy  for  any  mission;  another  Attitude  Computation 
or  Reaction  Wheel  Module  could  also  be  added  if  redundancy  is  desired  in 
either  of  these  areas. 

Each  sensing  module  (Figure  7-46a)  has  provisions  for  mounting  one  fixed  head 
star  tracker  in  either  one  of  two  perpendicular  orientations,  two  solar  aspect 
sensors  on  a variable -Incidence  mounting  bracket  and  one  (optional)  horizon 
sensor  and  all  associated  electronics.  The  remaining  equipment  is  grouped 
into  two  other  modules  (Figures  'J-k6h  and  J-h6c);  the  seven  modules  are  inter- 
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connected  as  shown  in  Figure  J-hJ. 

Potential  Problem.  Areas  in  Standardized  S&C 

a.  Developoient 

1)  To  avoid  redundant  eq.uipinent  to  meet  reliability  goals,  par- 
ticular attention  should  be  paid  to  Increasing  the  MTBF  of 
the  three-axis  rate  sensor  and  the  digital  computer. 

2)  Some  difficulty  has  been  experienced  in  obtaining  unit-to-mit 
performance  repeatability  of  electronic  star  trackers. 

problem  will  persist  for  high  accuracy  trackers.  Further  tracker 
development  will  be  necessary  to  consistently  achieve  the  accur- 
acy goal  (one  part  in  6oo)  and,  at  the  same  time,  realize  \mit 
cost  materially  below  $100K. 

b.  Operations 

1)  Electronic  star  tracker  operation  is  degraded  by  stray  magnetic 
fields.  It  is  therefore  important  to  avoid  locating  sources  of 
EMI  near  the  star  sensors  and  to  calibrate  them  in  their  actual 
environment.  In  the  latter  situation  it  may  be  desirable,  and 
in  some  cases  necessary , to  further  calibrate  the  star  trackers 
for  the  ambient  earth  magnetic  field  on  orbit  and/or  provide 
shielding  for  the  sensors.  This  implies  the  possible  need  for  a 
magnetic  field  on  orbit  and/or  shielding  for  the  sensors.  These 
considerations  imply  the  possible  need  for  a magnetic  simulation 
facility  for  spacecraft  development  and  testing. 

2)  For  fine  pointing  mission  spacecraft,  the  need  to  assure  align- 
ment stability  between  the  star  trackers  and  the  spacecraft  pay- 
load  within  about  10  arc  seconds  after  spacecraft  shipping  and 
handling,  and  exposure  to  the  launch  and  orbital  thermal  environ- 
ments, will  impose  important  spacecraft  design  constraints. 
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3)  To  asswe  initial  star  acquisition  without  requiring  wide-angle 
optics,  the  star  tracker -Shuttle  GWC  reference  alignment  must 
he  controlled  to  about  0.25  degrees.  This  alignment  covad  he 
held  through  spacecraft-shuttle  adapter  design,  calibrated  by 
an  optical  link,  or  bypassed  if  the  spacecraft  computed  its 
attitude  from  shuttle  liftoff. 


7. 4. 8. 8 Spin  Stabilization.  For  those  programs  where  a small,  spin-stabilized 
spacecraft  is  preferred,  a different,  simpler  stabilization  and  control  concept 
is  recommended  since  only  a one -degree  pointing  accuracy  is  required.  The 
equipment  needed  is: 


Function 

Spinup 

Spin  axis  attitude  control 
Spin  axis  maneuvers 
Nutation  damping 
Attitude  Sensing 

Spin  axis  maneuvers  (optional) 


Equipment 
Cold  gas  system 

ti  It  It 

ti  It  It 

Toroidal  tube  damper 
Earth  horizon  sensor 
Sun  aspect  sensor 
Magnetic  torque  coil 
Magnetic  torquer  programmer 


An  attitude  control  electronics  package  completes  the  implementation  list. 

For  programs  preferring  ground  control,  the  electronics  wotuLd  accept  thruster 
pulse  commands  from  the  command  decoder.  Other  attitude  control  electronics 
fiinctions  are: 

a.  Process  earth  horizon  sensor  outputs  to  obtain  roll  angle  error 
and  span  rate. 

b.  Process  solar  aspect  sensor  outputs  to  obtain  sun  elevation  and 
azimuth 

c.  Supply  thruster  pulse  timing  logic 

d.  Provide  backup  roll  angle  and  pulse  logic  in  case  of  one  sensor 
failure. 

7_94 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


T*^.9  Summary  of  Standard  Hardware  Design  Options. 

Analysis  of  the  NASA  Mission  Ifodel  concluded  that  the  spectrum  of  requirements 
could  he  satisfied  vith  two  standard  spacecraft  types:  (l)  a relatively  small 

spin-stabilized  and  (2)  a much  larger,  three -axis  stabilized  configuration. 
Although  there  are  potentially  two  sets  of  standard  subsystem  designs,  one 
optimized  for  each  of  these  basic  spacecraft  type;  only  the  three-axis  sta- 
bilized subsystems  have  been  studied  in  any  depth.  The  principal  character- 
istics of  each  standard  subsystem;  which  can  be  applied  separately  to  any 
program,  or  as  part  of  a standard  spacecraft;  are  described  following. 

7.^, 9-1  Electric  Power 

0 155  to  1110 -watt  unregulated  28  VDC  capability  range 

e Modular  panel,  single-axis  tracking  array  65  ft^  to  195  ft^  (6-I8  m^) 

» One  to  six  batteiy-charge  controller  sets  (20  amp -hr) 

& Optional  regulated  28  VDC  and  II5  VAC  power  available 

J.h.9-2  Communications  and  Data  Processing 

7 - S 

® Up  to  10  bps  PCM  from  earth  orbit  and  lO"^  bps  from  1-3  AU 

o 30-foot  dia  ground  antenna  for  earth  orbit  link;  DSIU  for 
interplanetary 

e Digital  Telemetry,  Tracking  and  Command  using  Unified  S-Band 

© 0.25-w  transponder,  omni  antenna;  optional  2,5,  10,  and  50  w 
power  amplifiers 

© Optional  earth  coverage,  3-foot,  10-foot,  and  30-foot  antennas 
© Share  S&C  GP  computer  to  aid  data  mpx,  encoding,  formatting,  etc- 

7*^'9*3  Attitude  Control  and  Stationkeeping  Propulsion. 

© Option  of  8,000  Ih-sec  or  30^000  lb-sec  maximum  from  four 
identical  modules 
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» Monopropellant  hydrazine,  ‘blowdo'wn,  passive  containment 

• nominal  O.5  Hf  and  5*0  thruster  option 

• Sixteen  thrusters  and  four  spherical  tanks  per  spacecraft 

Stabilization  and  Control 

• Stellar  or  earth  pointing  from  20  sec  to  15  mm  min 

• Strapped  down,  precision  three-axis  rate  sensor  and  GP 
digital  computer 

• Option  of  up  to  10  solar  aspect  sensors 
7,4.10  Weights  of  Standard  Spacecraft 


The  gross  weight  of  the  three-axis  stabilized  standard  spacecraft  excluding 

experiments  but  including  a 159^  contingency  will  vary  from  a low  of  2600  lb 

* 

to  a high  of  4,000  lb  depending  upon  the  performance  level-  Experiment 
weights  will  range  from  several  hundred  to  several  thousand  pounds.  Smaller 
experiments  than  these  will  be  supported  by  the  standard  spinning  spacecraft, 
whose  design  gross  weight  will  vary  from  about  600  to  9OO  lb. 

7.5  ECONOMIC  EVALUATIOIT  OF  STAHDAEIDIZED  SPACECRAFT/sUBSYSTEMS 


7-5'l  Basis  for  Determining  Savings  with  Standard  Spacecraft  Hardware. 


Standardization  of  spacecraft  elements  can  be  thought  of  as  an  extension  of 
low-cost  design  principles  where  the  emphasis  is  shifted  from  the  most  effi- 
cient cost-effective  satisfaction  of  single -miss ion  requirements  to  the  most 
efficient  handling  of  multi-mission  sets  of  requirements.  Low-cost  spaceeraft 
design  principles  and  their  associated  lower  costs,  described  elsewhere  on 
this  report  for  shuttle-based  space  operations,  are  used  as  the  baseline 
plateau  on  which  the  economic  evaluation  of  standard  spacecraft  approaches 
shall  be  made.  The  cost-savings  due  to  standardization  will  therefore  accrue 
in  addition  to  those  identified  previously  for  implementation  of  low-cost 
payloads . 


* 1 lb  = .4536  kg 
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T«5>2  Cost  Effects  of  Stand ardization 

Spacecraft  stand aj?dization,  whetlier  implemented  at  the  component,  subsystems 
or  spacecraft  level,  -will  impact  costs  in  different  ways,  some  of  them  coun- 
teracting others.  One  of  these  Impacts  is  the  sharing  of  development  funds 
hy  a group  of  missions,  the  requirements  for  which  can  either  he  met  or 
exceeded  hy  a single  standardized  hardware  development.  The  program  develop- 
ment cost  savings  increase  with  the  number  of  sharing  applications;  however, 
as  a larger  set  of  requirements  must  he  satisfied,  it  is  necessary  to  provide 
for  an  Increasing  number  of  interface  options.  This  requires  additional  sys- 
tems Integration  and  testing  and  results  in  the  development  costs  for  a stan- 
dardized (multi -mis si on  application)  item  being  appreciably  higher  than  for 
single  program -peculiar  development. 

As  to  the  optimum  systems  level  at  which  to  standardize,  the  following  observa- 
tions are  made.  In  addition  to  standardization  at  the  component  level,  which 
is  most  advanced  with  electronics  systems,  it  is  intuitively  evident  that 
standardization  at  a higher  systems  level  would  avoid  repetition  of  a larger 
portion  of  the  systems  integration  costs;  i.e.,  the  potential  savings  would 
increase  with  Increasing  systems -level  integration  if  it  were  not  for  the 
testing  expense  of  super-integration.  A conclusion  in  this  regard  cannot  be 
drawn  from  the  consideration  of  development  costs  alone.  The  desired  approach 
must  be  associated  with  minimum  total  program  costs  and  therefore  must  include 
unit  cost  of  standardized  equipment  as  another  variable.  If  a given  spectrum 
of  requirements  are  to  be  covered  by  a small  finite  number  of  equipment  options, 
it  is  inevitable  that  requirements  are  "overkilled"  hy  a factor  which  is  in- 
versely related  to  the  available  number  of  discrete  options  the  practical  sim- 
plification of  this,  however,  is  not  as  severe  as  it  might  appear.  In  most 
subsystems,  with  the  exception  of  electrical  power  (EPS),  the  cost  figures  ■ 
cluster  around  a plateau,  i.e.,  the  unit  cost  increment  for  performance  over- 
kill is  likely  to  he  small.  There  are  tw<Tmm’e~aspVcts “which” seem  to  mitigate 
the  costs  effects  of  overkill;  these  are:  (l)  the  discounting  of  future  recur- 
ring expenditures  in  terms  of  excess  \mlt  cost  and  (2)  the  consideration  of 
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spacecraft  residual  value  and  reuse  (in  which  case  excess  unit  cost  is  pro- 
rated over  a number  of  missions). 


T'5'3  Economic  Analysis 

In  the  standard  spacecraft  study  task,  the  emphasis  was  not  on  optimization, 
but  on  the  identification  of  gross  cost  savings  that  may  be  realized  from 
spacecraft  standardization.  Two  specific  examples  are  offered  to  illustrate 
the  effectiveness  of  different  approaches: 

(1)  The  first  case  investigated  involves  a multipurpose  spacecraft 
which  is  configured  to  satisfy  the  requirements  of  a large 
segment  of  the  mission  model.  The  cost  savings  over  the  mission- 
peculiar  development  approach  are  evaluated  for  that  segment  of 
the  mission  model. 

(2)  The  second  case  investigated  involves  the  application  of 
standardized  and  modularized  subsystems  to  the  majority  of  the 
the  unmanned  payload  programs  in  the  mission  model. 

7*5*3*1  Savings  wxth  Multipurpose  Standardized  Spacecraft.  A survey  of  the 
NASA  Mission  Model  showed  that  a large  number  of  the  earth -oriented  low  and 
synchronous  orbital  satellite  missions  coxiLd  be  accommodated  by  a single 
multipurpose  spacecraft  design  with  somewhat  overdesigned  subsystem  capabili- 
ties. This  approach  would  require  only  a fraction  of  the  hardware  develop- 
ments that  would  be  required  to  cover  individual  mission-peciiliar  developments. 
As  shown  in  Figure  T-^8,  a spacecraft  designed  to  capture  16  missions  will  be 
duplicated  in  I5I  flints.  It  contains  CDPI  for  high  data  rate  transmissions 
from  synchronous  orbit,  has  a horizon  sensor  GNSC,  and  contains  EES  and!  APS 
to  accommodate  the  maximum  requirements.  The  cost  evaluation  in  Figiare  7-^9 
shows  that  standard  spacecraft  EDT&E  expenditures  drop  to  less  than  10^  of 
the  program-peculiar  approach.  However,  there  is  a penalty  paid  in  terms  of 
unit  costs  due  to  the  aforementioned  requirements  overkill  (resulting  in 
higher  unit  cost  for  standardized  hardware  than  for  pro ject-peculiat) . 
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MISSIONS 


FLIGHTS 


Other  Missions/ 
Flights 

Total  Earth- 
Oriented  Mis- 
Sion/Flights 


Captured  by 
23-Mission  Std. 
Spacecraft 


Captured  by 
l6-Mission  Std. 
Spacecraft 


23-Mission  Spacecraft  - Star-Trackers  for  precise  pointing  reference 

plus  maximum  capability  in  other  subsystems 

16-Mission  Spacecraft  - Horizon  Sensor  for  pointing  reference  plus 

maximum  capability  in  other  subsystems 


Fig.  7-48  Missions/Flighta  Captured  by  Earth-Oriented  Standard  Spacecraft 
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Fig.  7-49  Economic  Impact  of  Application  of  Typical  Standard  Spacecraft 
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Disregarding  a potential  amelioration  due  to  discounting  of  future  costs  and 
possitle  spacecraft  reuse,  the  evaluation  shows  that  millions  can  he 

saved  hy  use  of  this  standardized  spacecraft.  In  view  of  this  encouraging 
result  it  was  of  interest  to  see  whether  additional  savings  could  he  made  hy 
increasing  the  capability  of  the  multipurpose  spacecraft.  It  was  found  that 
hy  incorporation  of  startrackers  into  the  6NSC  system,  7 additional  missions 
could  he  captured  which,  according  to  Figure  7-^,  involved  an  additional  68 
flints  to  bring  the  total  up  to  219  flights.  As  is  evident  from  Figure 

■fche  penalty  is  terms  of  additional  unit  costs  increases  out  of  propor- 
tion to  the  savings  from  RDT&E  sharing,  so  that  the  total  program  savings 
are  reduced  to  only  $l6l  millions,  or  less  than  half  of  the  l6 -mission  stan- 
dardization. Generalized  to  the  total  traffic  model,  this  approach  may  he 
promising  if  the  requirements  spectrum  is  subdivided  into  compatible  mission 
sub -sets  for  which  the  marginal  savings  due  to  RDT&E  sharing  exceed  the  cum- 
ulative unit -cost  expense  of  requirements  overkill  as  indicated  in  Figure  7~50 
Additional  considerations  of  spacecraft  refurhlshment/reuse  or  dollar-dis- 
counting  may  he  added  to  aid  in  deriving  optimized  cost-effective  combinations 
of  missions- 

7. 5- 3*2  Savings  with  Modularized  Standard  Subsystems.  Another  basic  appixiach 
to  satisfying  Mission  Model  requirements  is  to  build  up  program-peculiar  space 
craft  from  an  inventory  of  standardized  subsystems  options. 

The  standard  subsystem  options  used  for  economic  evaluation  were  defined  in 
sub -section  7*^*  -ACS  and  EPS  were  assumed  to  be  standardized  at  the  subsys- 
tems level.  CDPI  and  S&C  were  standardized  below  the  subsystems  level  in  a 
way  that  performance -capability  options  are  achieved  by  the  addition/deletion 
of  components  within  a basic  standard  subsystem. 

Figure  7-51  shows  the  subsystem  equipment  options  used  to  cover  almost  the 
entire  mission  model.  Also  listed  are  the  associated  development  costs  using 
the  program-peculiar  and  the  standardized  approach.  It  shows  that  more  than 
a 20:1  reduction  in  effective  development  cost  may  be  achieved  using  standard 
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Fig.  7-50  Criterion  for  Acceptability  of  Standard  Subsystem  to  Specific  Mission 
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Fig.  7-51  Economic  Impact  of  Application  of  Standard  Subsystems 
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subsystems.  It  should  be  noted  that  in  this  case  the  degree  of  excess  unit 
coBfe  is  minimal  because  the  amounts  of  "overkill"  for  each  standard  subsystem 

I ^ 

application , is  small  (the  several  options  of  standard  subsystems  allows  choice 
of  one  very  close  to  the  pro  gram -peculiar  capability  req.uirement). 

However,  there  is  a recurring  requirement  for  spacecraft  xntegration  which 
must  be  accounted  for.  In  view  of  the  fact  that  discounting  and  spacecraft 
reuse  must  be  considered  also  in  this  context  it  is  not  possible  to  note  at 
this  time  whether  the  standard  subsystems  approach  is  cost-wise  superior  to 
the  multipurpose  standard  spacecraft  approach.  Nevertheless,  it  is  important 
to  note  that  by  either  approach  considerable  amounts  of  money  (and  developaent 
time)  can  be  saved,  and  that  further  more  detailed  study  of  the  subject’  cannot 
fail  to  identify  an  even  larger  savings  potential. 
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Section  8 

LOW-COST  PAYLOAD  IHTERPACES  WITH  SPACE  TRAHSPOREATIOH  SYSTEM 


The  influence  of  the  e2cpendable  launch  vehicle  and  Space  Shuttle  upon  the  low- 
cost  payloads  has  been  evaluated  and  the  interfaces  between  the  payload  and 
the  transportation  vehicles  have  been  studied  and  defined.  Primary  emphasis 
was  placed  upon  the  payload/Shuttle  interfaces  because  the  expendable  launch 
vehicle  interfaces  essentially  do  not  differ  from  those  which  have  existed 
historically  for  a number  of  years. 

The  general  effects  of  the  launch/ascent  environment  upon  the  payloads  have 
been  analyzed.  The  highlights  are  discussed  in  sub-section  8.1. 

A new  concept  of  checkout  of  payloads  on-board  the  Shuttle  has  been  developed 
and  is  described  in  sub-section  8.2.  The  implementation  of  this  concept  is 
considered  vital  to  the  cost-reduction  approach  involving  pre -deployment  check- 
out and  on-orbit  repair/refurbishment. 

Because  of  the  strong  influence  of  deployment  and  retrieval  hardware  upon  pay- 
load  configuration  and  structural  design,  a special  universal -usage  deployment 
gear  concept  was  developed  to  the  extent  that  Icw-cost  payload  interfaces  could 
be  validated.  The  configuration  and  functions  are  described  in  sub-section  8.3. 

t 

The  most  significant  cost-driver  element  among  the  low-cost  payloads  is  the 
repair,  refurbishment,  and  reuse  of  payload  hardware.  The  total  concept  and 
potential  cost  reductions  are  described  in  suh-sectxon  8.4. 


8.1  EIEECT  OF  SHUTTLE  EMVIROMEMC  OH  PAYLOADS 


During  the  development  of  the  low-cost  payload  preliminary  designs,  considera- 
tion was  given  to  effects  of  the  Shuttle  environment.  The  Phase  B Contractor 
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data,  supplied  via  Aerospace  Corporation  to  IiMSC  have  been  revised  during  the 
study  period,  most  recently  as  of  22  March  1971  < lu  general,  there  was  no 
profound  effect  upon  payload  design.  A qualitative  assessment  of  these  effects 
was  made;  the  general  results  are  summarized  in  the  following  paragraphs . 

8.1.1  Load,  Shoch/Vlhration,  and  Acoustic  Effects 

The  latest  data,  which  place  the  Shuttle  launch/ascent  and  reentry  Idads  at 
3g  maximum,  provide  potentially  a softer  ride  of  the  payload  on  the  Shuttle 
than  on  the  new  low-cost  expendable  launch  vehicles.  However,  payloads  mounted 
flexibly  onto  the  Shuttle  structure  or  suspended  cantilever-style  from  a sup- 
port platform  (like  the  historical  payloads  mounted  atop  a booster  vehicle) 
will  probably  be  exposed  to  load- amplifications  which  will  approach  those  with 
the  expendable  launch  vehicles . It  is  important  therefore  that  structural 
mounting  of  the  payload  within  the  Shuttle  cargo  hay  he  given  primary  atten- 
tion to  obtain  minimum  net  loads  upon  the  payload. 

The  vibration  conditions  resulting  from  Shuttle  engine  transients  have  not  yet 
been  fully  specified.  The  load  level  and  frequency  will  determine  thfe  feasi- 
bility and  efficacy  of  attenuation  devices  in  mounting  of  the  payloads. 

The  acoustic  environment  of  the  Shuttle,  calculated  at  the  external  skin  sur- 
face nas  oeen  estimated  at  158.5  db  OASEL.  However,  the  attenuation  (or  ampli- 
fication) by  the  Shuttle  structure  of  this  energy  (relevant  to  the  p^load  in 
the  cargo  hay)  has  not  been  determined. 


Although  the  Shuttle  data  available  are  somewhat  qualitative  in  nature,  the  de- 
sign approach  used  on  the  low-cost  payloads  makes  the  p^lbads  essentially  in- 
sensitive to  reasonable  levels  of  shock,  vibration,  and  acoustic  excitation. 

The  payload  structures,  designed  with  hi^  safety  factors  (3  or  greater),  util- 
ize comparatively  thick  external  skins,  large  cross-section  beams,  arid  rugged- 
ized  equipment  module  mountings.  Equipment,  mounted  on  rigid  platfohms  within 
the  modules,  is  all  but  isolated  from  the  mechanical  environmental  effects . 
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8.1.2  Thermal  Enviromnent  Effects 

The  -bemperatures  predicted  for  the  Shuttle  cargo  hay  are  in  general  within  the 
limits  of  those  experienced  historically  by  payloads  mounted  within  exit  fair- 
ings on  expendable  launch  vehicles.  The  maximum  temperature  of  150°F  (339°K), 
occurring  during  launch/ascent  and  reentry,  can  be  tolerated  quite  well  by  the 
low-cost  payloads.  It  is  possible,  with  the  Shuttle  cryogenic  propellant  tanks 
mounted  adjacent  to  the  cargo  bay  cavity,  that  ground  ventilation  and/or  cool- 
ing during  the  pre-launch  cycle  will  not  be  necessary.  Also,  because  Shuttle 
equipment  mounted  in  the  vicinity  of  the  cargo  bay  also  will  be  as  sensitive 
as  the  payload  to  elevated  temperatures;  any  general  ventilation  or  forced  air 
flow  provided  can  also  be  used  to  minimize  temperature  rises  in  the  payload. 
This  most  critical  phase  probably  will  occur  after  landing  where  the  residual 
heat  in  the  Shuttle  thermal  protection  materials  may  gradually  raise  the  in- 
ternal Shuttle  temperatures  until  the  cargo  bay  doors  can  be  opened. 

In  general,  the  Shuttle  temperature  environment  does  not  appear  to  offer  a 
specific  problem  for  the  unmanned  payloads  studied. 

8.1.3  Pressure  Variation  Effects 

The  pressure  in  the  Shuttle  cargo  bay  during  launch/ascent  will  decrease  from 
i4.7  psi  (1.013  X 10"^  newton/m  ) to  essentially  space  vacuum  in  about  120 
seconds.  Conversely,  the  pressure  will  increase  in  the  reentry/landing  mode 
from  space  vacuum  to  one  atmosphere  in  approximately  16OO  seconds.  Althou^ 
this  pressure  change  will  not  affect  the  majority  of  payload  hardware,  special 
care  has  been  taken  in  design  of  the  low-cost  payloads  in  the  following  areas; 

a.  Tanks 


Por  tankage  which  usually  starts  the  mission  charged  with  pressurized  gas 
or  fluids  and  wherein  depletion  during  orbit  operations  is  possible,  pro- 
vision must  be  made  to  sustain  the  external  pressure  during  reentry  by  (l) 
over-designing  the  tank  shell  to  carry  the  negative  pressure,  (2)  retaining 
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residual  pressure  in  the  tank,  or  (3)  re-pressurizing  the  tank  for  the 
return  flight  to  earth. 

■fa . Closed  Volumes 

For  equipment  which  is  packaged  in  essentially  a closed  box  or  compartment, 
both  in  and  out  air  flow  must  be  provided  unless  the  element  is  designed 
sufficiently  strong  to  sustain  separately  both  an  internal  and  external 
pressure  of  one  atmosphere.  It  should  also  be  noted  that  the  reen'^ry/des- 
cent  operation  will  force  air  into  the  previously  air -void  compartment; 
contaminants  and  water  vapor  will  also  enter  unless  the  volume  is  gealed 
or  othe2Twise  protected.  This,  condition  is  little  different  from  that  which 
has  heen  encountered  on  high-altitude  aircraft  in  past  years.  If  compos- 
ite structures  such  as  honeycomb-stiffened  panels  are  used,  similar  pre- 
cautions are  necessary  in  providing  perforated  materials  to  allow  §,ir  leak- 
age out  (on  ascent)  and  water  vapor  release  (after  descent). 

In  general,  no  problem  was  encountered  with  the  low-cost  payload  dpsign  in 
this  study:  (l)  Uo  honeycomb  structure  was  utilized;  (2)  Basic  structure 

was  designed  to  sustain  the  effects  of  internal  or  external  presst^e  ap- 
plications; (3)  Components  within  the  equipment  modules  have  essentially 
sealed  housings  to  prevent  moisture  and  contaminant  entry  and  all  ejiposed 
surfaces  are  designed  for  exposxire  to  water  vapor  conditions;  (4)  Module 
structural  covers  are  designed  to  "bleed"  air  fast  enou^  throng  screened 
orifices  to  prevent  positive  or  negative  pressure  buildup. 

8.2  SHJTTLE  OH-BOABD  CHECKOUT  OF  PAYLOADS 

The  concept  of  standardized  interfaces  between  payloads  and  the  Space  Shuttle 
cargo  bay  may  be  extended  to  include  a payload  test  set  carried  on  board  the 
Shuttle  and  used  for  monitoring  and  checkout  of  one  or  more  payloads.  Such  a 
test  set  may  he  independent  or  it  may  utilize  some  of  the  Shuttle  computational, 
data  handling  and  display  services.  In  either  case  it  must  interface  with  the 
SHuttle  data  bus  and  supply  safety  status  information  on  the  payload(s)  to  the 
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Shuttle  flight  deck.  The  configuration  and  the  capability  of  the  Shuttle  in- 
tegrated avionics  system  to  support  payloads  has  not  yet  been  established, 
nor  have  the  detailed  requirements  for  computer  support,  control  and  display 
for  checkout  of  the  spectrum  of  shuttle  payloads  been  fully  identified.  Pay- 
load  cost  savings  have  been  estimated,  based  on  this  study,  to  accrue  from  the 
use  of  on-board  payload  checkout  and  are  sufficiently  significant  to  warrant 
further  investigation. 

8.2.1  Hardware  Elements  Bequiring  Checkout 

Typical  unmanned  payloads  consist  of  a spacecraft  and  one  or  more  experiments, 
and  may  be  categorized  in  terms  of  wei^t,  size,  spacecraft  functions,  orbital  _ 
parameters  and  desired  life.  Included  are  both  expendable  and  reusable  propul- 
sion stages  or  tugs,  and  combinations  of  spacecraft  and  tugs.  Por  the  purpose 
of  on-hoard  testing,  each  major  payload  or  element  of  a group  of  payloads  may 
he  synthesized  into  8 basic  functional  groupings  or  subsystems  as  portrayed  in 
Pig.  8-1.  Individual  elements  within  the  group  change  in  complexity  and  de- 
tail from  program  to  program,  or  even  flight  to  fli^t,  as  shuttle  cargo  mixes 
vary;  this  requires  tailoring  of  the  checkout  procedures  and  the  modules  that 
make  up  a standard  test  set  for  each  situation  or  mission.  The  similarity  of 
function  and  limited  range  of  parameters  does  permit  a high  degree  of  standard- 
ization and/or  modularization  of  the  checkout  equipment  as  well  as  the  spacecraft 
components . 

8.2.2  Basic  On-Eoard  Checkout  Concept 

A basic  premise  for  on-hoard  checkout  (OBC)  is  that  the  payload(s)  has  been  _ 
completely  tested  and  calibrated  by  subsystem  and  function,  and  has  been  ac- 
cepted as  flight -qualified  or  flight-ready  before  it  is  delivered  to  the  shuttle 
cargo  loading  facility.  The  primary  purpose,  therefore,  of  OBC,  is  to  verify 
that  the  payload(s)  still  functions  after  experiencing  rather  severe  environ- 
mental changes  and  that  its  critical  safety,  survival  and  operational  parame- 
ters are  within  pre -determined  limits.  Monitoring  or  sampling  the  instrumen- 
tation subsystems  provide  status  data;  applying  stimuli,  including  commands, 
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Fig.  8“1  Typical  Payload  Subsystem  Groupings 
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and  comparing  end-to-end  system  response  to  pre- stored  data  confirms  configura- 
tion and  operation.  A Payload  Test  Set,  necessary  for  OBC,  may  function, 
therefore,  as  the  electrical  and  data  interface  "between  payloads  and  the  or- 
biter  cargo  bay  junction  boxes  and  standard  digital  interface  units  that  pro- 
vide access  to  the  orbiter  data  bus. 

8.2.3  The  Payload  Test/Checkout  Set 

A payload  checkout  or  test  set  (PPS)  capable  of  monitoring  and  detecting  hazard- 
ous conditions,  status  of  critical  items  and  configuration,  and  verification  of 
system  functions  typically  contains  the  elements  shown  in  Pig.  8-2.  A prelim- 
inary estimate  of  the  physical  characteristics  of  a PCS  is  shown  in  Pig.  8-3; 
Pig.  8-4  compares  this  proposed  Shuttle-carried  checkout  set  with  a typical 
ground  checkout  station  made  up  of  typical  ground-based  commercial  hardware 
elements  (the  Shuttle -carried  set  employs  solid-state  electronics  of  the  1970 
state-of-the-art) . Allowance  was  made  for  an  ancillary  checkout  computer  rough- 
ly comparable  to  a non-redundant  version  of  the  UWIVAC  1832  used  in  the  S3A  air- 
craft, modified  to  reduce  power  required.  Used  for  testing  low-cost  payloads 
designed  to  interface  with  it,  the  EDS  can  have  a eapahility  comparable  with 
existing  large,  dedicated  ground  checkout  complexes. 

The  checkout  function  differs  from  the  monitoring  function  in  that  the  equip- 
ment or  subsystem  under  test  must  be  in  a known  condition  or  configuration, 
with  known  inputs  or  stimuli;  the  function  is  usually  characterized  by  a com- 
mand/response sequence.  Hence,  the  PCS  elements  must  he  completely  compatible 
with  the  system  being  checked  out.  For  example,  if  the  payload  employs  a l49 
MHz  command  frequency  the  EES  command  transmitter  must  generate  a properly  mod- 
ulated 149  MHz  carrier;  another  payload  on  the  same  fli^t  mi^t  use  an  S-band 
system,  thus  requiring  an  additional  command  module  in  the  PTS.  Similarly,  the 
EES  telemetry  modules  may  he  called  upon  to  handle  VHP  or  S-band  links  employ- 
ing various  modulation  techniques  and  data  rates  and  to  provide  decommutated 
outputs  in  compatible  digital  format  that  can  be  handled  by  the  PTS  computer. 

The  EES,  therefore,  should  provide  for  multiple  plug-in  command,  telemetry, 
stimuli,  and  power  units  to  avoid  having  to  carry  more  than  one  EES  on  some 
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Fig.  8”2  Block  Diagram  - Payload  Test  Set 
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Hardware  Element 

Size  (in.) 

Weight 

Power 

Req'd. 

(1) 

Switching,  Control,  IVleas.  Unit 

14  X 19  X 23 

401b. 

60  W 

(2) 

Power  Control 

7 X 19  X 23 

30 

30 

(3) 

Command  Transmitter/Attenuator 

6 X 19  X 8 

20 

30 

(4) 

Stimuli  Generators 

9 X 19  X 23 

40 

35 

(5) 

T/M  Receive rs/Decom ms 

6 X 19  X 23 

20 

25 

(6) 

Test  Umbilical 

- 

20 

- 

(7) 

Tape  Recorders 

II  X 19  X 23 

40 

40 

(8) 

Control/Display  (External) 

(13  X 19  X 23) 

40 

30 

(9) 

Computer  (External) 

(ea. 11x19x23) 

200 

JOO 

TOTALS 

- 72x19x23 

450  lb 

550  W 

1 in.  = 2.54  cm 

1 lb  = 0.4536  kg 


Fig.  8-3  Preliminary  Size/Weight  Estimate  - 
Payload  Test  Set  (for  Use  in  Shuttle) 
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shuttle  flights.  Software  for  checkout,  including  the  computer  programming, 
is  peculiar  to  each  payload,  hut  with  many  common  suh -routine s . A powerful, 
test-oriented  programming  language  and  a fully  developed  basic  program  is  con- 
sidered a necessity,  so  that  generation  and  modification  of  the  specific  pay- 
load-peculiar control  program  is  relatively  simple.  An  oversized  memory  is 
essential  so  that  programming  may  be  accomplished  economically  and  to  permit 
real  time  program  modifications  in  response  to  on-line  checkout  situations, 
lest  procedures  and  initial  values  and  limits  for  specific  tests  are  estab- 
lished during  the  payload  development  and  qualification  phases  and  confirmed 
or  modified  during  experiment  integration  and  acceptance  test  phases . The 
functional  tests  performed  on-board  are  simplified  end-to-end  tests,  usually 
under  nominal  conditions,  and  are  "operational"  rather  than  "R&D"  or  "engin- 
eering" in  nature.  On  the  first  flight  of  a given  payload,  and  with  a mission 
flight  plan  that  permits  a delay  of  several  revolutions  in  LEO  before  deploy- 
ment, engineering  tests  may  be  performed  to  augment  the  test  data  base;  while 
these  tests  undoubtedly  have  appreciable  value,  they  should  be  considered  a 
bonus  rather  than  prime  mission  design  drivers. 

8.2.k  On-Board  Checkout  Operations 

OBC  could  be  completely  automatic,  controlled  by  stored  programs,  without  dir- 
ect participation  by  the  shuttle  crew;  if  a large  number  of  completely  repeti- 
tive missions  were  to  be  flown  and  the  extra  "payload  crew"  were  not  needed 
for  other  activities  such  an  approach  might  prove  desirable.  However,  most 
missions  involve  unique  payloads,  or  the  interval  between  flights  is  long  and_ 
the  payloads  are  not  static,  so  the  human  computer  may  contribute  significant- 
ly to  the  checkout  process,  in  addition  to  being  available  for  XVA  or  EVA  cor- 
rective action,  including  payload  module  replacement  (of  a failed  module  deter- 
mined by  checkout).  Considerable  work  remains  to  be  done  in  defining  man's 
role  in  this  type  of  activity. 

For  purposes  of  shuttle  performance  comparison,  typical  fli^t  profiles  call 
for  ascent  into  a 45  or  50  x 100  nm  (83  or  93  x l85  km)  transfer  orbit, 
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circ\3lari2ation  into  a 100  nm  (185  3sm)  parking  orbit,  remaining  for  several 
revolutions,  injection  into  a higher  transfer  orbit,  placement  or  rendezvous 
maneuvers,  deployment  or  retrieval,  return  to  100  nm  (185  km)  circular,  and 
reentry  and  landing.  Typical  times  in  the  transfer  orbits  are  40  to  55  min 
and  in  the  parking  orbit  88  min  per  revolution.  Such  coast  or  orbiting  modes 
are  periods  of  low  demand  upon  both  shuttle  systems  and  crew,  and  are  ideal 
for  conducting  OBC.  If  the  payload  is  singular  and  very  simple,  checkout  may 
consist  of  a scan  of  the  instrumentation  readouts  and  a sample  command/coramand- 
verification  test,  requiring  perhaps  five  to  ten  minutes.  More  complex  pay- 
loads,  such  as  represented  by  the  low-cost  OAO-B,  involving  a number  of  modes 
and  redundant  systems,  may  require  a half-hour  to  an  hour  for  pre-deployment 
readiness  verification.  Multiple  payloads,  such  as  the  SEO-Tug  combination, 
may  need  anywhere  from  a half-hour  to  two  hours,  with  an  hour  suggested  as  a 
nominal  on-orbit  checkout  time.  On-orbit  maintenance  activity  based  on  OBC, 
involving  manual  repair  or  module  replacement  by  means  of  IVA  or  EVA,  obvious- 
ly requires  longer  spans,  necessitating  a parking  orbit  mode. 

8.2.5  Checkout  Phases 

The  ability  to  perform  payload  checkout  on-hoard  the  Shuttle  provides  the  op- 
portunity and  advantages  of  a consistent  series  of  up  to  five  launch  and  flight 
operations  test  modes  or  phases.  Using  the  same  ITS,  separate  tests  on  the 
payload  (the  integrated  systems  test  and  pre-mate  readiness  tests)  can  also 
he  performed.  This  use  of  a constant  set  of  test  parameters  provides  malfunc- 
tion and  failure  trend  data  particularly  important  for  payload  programs  in- 
volving a relatively  few  flights  stretched  over  a long  time  span. 

Following  a cursory  analysis  of  typical  unmanned  payload  test  and  checikout 
functions,  a phased  methodology  was  developed.  Eigores  8-5a  throu^  -5g  list 
the  basic  test/checkout  functions  to  be  performed  in  each  of  seven  phases. 
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1.  COMPLETE  FUNCTIONAL  TEST,  AMBIENT  CONDITIONS 

ELECTRICAL  POWER 
INSTRUMENTATION 
COMMUNICATIONS 
DATA  PROCESSING 
STABILIZATION  & CONTROL 
GUIDANCE  & NAVIGATION 
AHITUDE  CONTROL 
EXPERIMENT  PACKAGES 

2.  REPEAT  FUNCTIONAL  TEST  AFTER  EXPOSURE  TO  ACOUSTIC  LAUNCH/ASCENT 
ENVIRONMENT  SIMULATION 

3.  REPEAT  FUNCTIONALTEST  IN  ALTITUDE  CHAMBER  - HI  TEMPERATURE 

4.  REPEAT  FUNCTIONALTEST  IN  ALTITUDE  CHAMBER  - LO  TEMPERATURE 

5.  REPEAT  FUNCTIONALTEST,  AMBIENT  CONDITIONS 

Note:  The  above  "Acceptance  Tests"  provide  the  data  base  for  diagnosis,  trend  analysis 

and  the  establishment  of  nominal  values  and  limits. 


Fig.  8“5a  Phase  1 - 1st  I ntegrated  System  Test  of  Payload  Package  (at  Payload  Assembly  Site) 
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I.  PAYLOAD/TEST  SET  rNTERFACES 
Z TEST  SET  SELF-CHECK 

3.  INSTRUMENTATION  READOUT  AND  CALI  BRATION 

4.  ELECTRICAL  POWER  SYSTEM 

5.  COMMUNICATIONS  SUBSYSTEM 

6.  DATA  PROCESS  I NG  SUBSYSTEM 

^ 7.  GUIDANCE,  NAVIGATION,  STABILIZATION  & CONTROL 

8.  ATTITUDE  CONTROL 

9.  EXPERIMENTS 

10.  WEIGHT  & CENTER  OF  GRAVITY  DETERMI NATION 

II.  MECHANICAL  "SHUTTLE  INTERFACE"  CHECKS 


Fig.  8-5b  Phase  II  - PMRT  - Pre-Mate  Readiness  Tests  (at  Launch  Site) 
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1.  PAYLOAD/SHUnUE  I IWERFACE  CHECKS 

2.  PAYLOAD  TEST  SET  SELF-CHECK 

3.  INSTRUMENTATION  STATUS 

4.  ELECTRICAL  POWER  SYSTEM  (INCLUDING  SHUHLE  POWER) 

5.  COMMUNICATIONS  SUBSYSTEM  (EMI  COMPATIBILITY) 

6.  DATA  PROCESSING  SUBSYSTEM  (WITH  SHUTTLE  DATA  BUS  AND 
DISPLAY  SYSTEM) 

7.  ATTITUDE  CONTROL  SYSTEM  FLIGHT  READINESS  CHECKS 

8.  ALIGNMENT  OF  PAYLOAD  WITH  RESPECT  TO  SHUTTLE 


Fig.  8-5c  Phase  111  - PCST  - Payload  Combined  Systems  Test  (Payload  Installed  in  Shuttle) 
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1.  PA YLOAD/SHUTTl£  INTERFACE  CHECKS 

2.  PAYLOAD  TEST  SET  SELF-CHECK 

3.  INSTRUMENTATION  STATUS 

4.  ELECTRI CAL  POWER  SYSTEM  CHECK 

5.  COMMUNICATIONS  SUBSYSTEM  CHECK 

6.  DATA  PROCESSING  SUBSYSTEM  CHECK  (WITH  SHUTTLE) 

7.  STABILIZATION  & CONTROL  ALIGNMENT  AND  CHECK 

8.  AniTUDE  CONTROL  SYSTEM  STATUS  CHECK 

9.  EXPERIMENT  CHECK 

10.  INITIALIZATION  OF  PAYLOAD  FOR  ASCENT 

Fig.  8-5d  Phase  IV  - PLRT  - Pre-Launch  Readiness  Test  (Payioad  in  Shuttle  on  Launch  Pad) 
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I.  PA YLOAD/SHUnif  INTERFACE  CHECKS 

Z PAYLOAD  TEST  SET  SELF-CHECK 

3.  INSTRUMENTATION  STATUS 

4.  ELECTRI  CAL  POWER  SYSTEM  TESTS 

5.  COMMUNICATIONS  TESTS  (ALL  MODES) 

6.  DATA  PROCES  S I NG  SYSTEM  TESTS 

7.  STABILIZATION  & CONTROL  OPERATIONAL  TESTS 

8.  AniTUDE  CONTROL  SYSTEM  STATUS  CHECK 

9.  EXPERIMENT  TESTS 

10.  INITIALIZE  PAYLOAD  FOR  DEPLOYMENT 


Fig.  8-5e  Phase  V - PDRT  - Pre-Deployment  Readiness  Test  (on  Orbit  In  Cargo  Bay) 
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1.  ELECTRICAL  POWER  SYSTEM  TESTS  (SOLAR  ARRAYS) 

2.  COMMUNICATIONS  TESTS  (WITH  TRACKING  STATIONS) 

3.  STABILIZATION  & CONTROLTESTS 
4 ATTITUDE  CONTROL  TESTS 

5.  INSTRUMENTATION  STATUS 

6.  EXPERIMENT  OPERATIONAL  TESTS 

7.  INITIALIZE  PAYLOAD  FOR  SEPARATION 


Fig.  8-5f  Phase  VI  - PSRT  - Pre-Separation  Readiness  Test  (Payload  Deployed/Not  Released) 
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1.  COMMUNICATION  TESTS  WITH  SHUTTLE  AND  STADAN 

2.  ELECTRICAL  POWER  SYSTEM  TESTS 

3.  ATTITUDE  CONTROL  SYSTEM  TESTS 

4.  STABILIZATION  AND  CONTROL  SYSTEM  TESTS 

5.  EXPERIMENT  OPERATIONTESTS 

6.  INSTRUMENTATION  STATUS 

7.  INITIALIZE  PAYLOAD  FOR  FIRST  EXPERIMENT  OPERATION 


Fig.  8-5g  Phase  VI I - OOT  - Operational  On-Orbit  Tests  (Payload  Separated  - Shuttle  Near-By) 
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8.2.6  Validation  of  On-Board  Checkout  Concept 

Test  documents  from  the  OAO,  OGO,  and  OSO  programs  provided  by  KASA/GSFC  were 
analyzed  and  tested  for  compatibility  with  the  LMSC -developed  checkout  concept 
of  a standard  payload  test  set  and  Shuttle  on-board  checkout.  The  results, 
discussed  following,  indicate  that  the  concepts  described  above  are  feasible 
and  practical . 

8. 2. 6.1  OAO  Checkout.  In  addition  to  discussions  with  the  OAO  Project  Office 
and  Test  & Integration  personnel  at  MSA/GSFC,  computer  printouts  of  the  fol- 
lowing test  procedures  for  OAO-3  were  obtained  (from  the  NASA/GSFC  historical 
data  files): 

® S-C  3 Countdown  to  Launch  Procedure,  Tape  46l 
® Stabilization  & Control  Subsystem  Functional  Test,  Tape  S&C-60 
® Functional  Test  for  ATV,  Tape  GEP-60 
• Communication  Functional -60,  Tape  l4l 
© Data  Processing  Functional 
® Power  Subsystem-60  Complete  Functional  Test 

These  tapes  were  studied  and  used  to  evaluate  and  modify  the  details  of  the 
seven  test  phases  portrayed  in  Figs.  8-5a  through  8-5g  and  'confirm  the  require- 
ment for  the  EES  described  in  par.  8.2.3 • An  expansion  into  detail  test  list- 
ings was  made  for  Phases  III  throu^  VII.  Figure  8-6  shows  a sample  of  this 
expansion  for  tests  of  Phase  V,  Pre -Deployment  Readiness  Test,  for  the  low- 
cost  OAO  payload  in  the  Shuttle  cargo  bay,  on  orbit.  The  difficulty  of  pro- 
viding external  stimuli  for  some  payload  functions  while  within  the  shuttle, 
and  the  necessity  for  testing  these  functions  were  considered;  no  valid  reason 
could  be  found  for  carsying  anything  but  electrical  stimuli  for  Shuttle  on- 
■board  testing,  particularly  with  natural  stimulation  available  in  Phases  VE 
and  VII. 

In  summary,  it  was  determined  that  the  OAO-3  could  be  adequately  checked  out 
using  a Shuttle-carried  payload  checkout  set. 
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TEST 


EXECUTION  TIME 


REMARKS 


V.3  INSTRUMENTATION  STATUS 


2 MIN. 


V.4  ELECTRICAL  K)NER  SYSTEM  TESTS  4 MIN. 


4.1 

CHECK  EACH  Ni-CD  BATTERY  (3) 

8-21 

4.2 

CHECK  HPATE-OF-CHARGE  UNIT  & 
DIODE  BOX 

4.3 

CHECK  POWER  CONTROL  UNIT 

4.4 

CHECK  POWER  REGULATOR  UNIT 

4.5 

CHECK  BOTH  VOLTAGE  REGULATORS 
AND  CONVERTERS 

4.6 

CHECK  BOTH  INVERTERS,  INCLUDING 
AUTOMATIC  SWITCHOVER 

4.7 

COMMAND  #1  BAT  OH  AND  VERIFY 
POWER  TRANSFER 

4.8 

CHECK  POWER  DISTRIBUTION  UNIT 

4.9 

CHECK  LIGHT/DARK  SWITCHOVER 

4.10 

VERIFY  ALL  BATTERIES  FULLY  CHARGED 

PART  OP  THE  CDP&I  SUBSYSTEM  PURPOSE  IS 
TO  VERIFY  THAT  CONDITIONS  ARE  WITHIN 
PREHiANNED  TOLERANCES.  INCLUDES  12 
PRESSURE,  90  TEMPERATURE,  24  CURRENT, 
AND  l4  VOLTAGE  MEASUREMENTS.  ACTUAL 
READOUT  REQUIRES  ONLY  ABOUT  7 SECONDS. 
ONLY  OUT -OF -TOLERANCE  CONDITIONS  ARE 
DISPLAYED. 

CHECKS  ALL  POWER  SYSTEMS  EXCEPT  SOLAR 
ARRAYS  FOR  ASCENT  SURVIVAL. 

53  INSTRUMENTATION  POINTS. 

ITS  DUMMI  LOADS. 


Pig.  8-6  Low-Cost  OAO  Phase  V PORT  (Sample  Excerpt) 
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8. 2^ 6. 2 OGO-F  and  OSO-El  Checkout.  To  further  determine  the  applicability 
of  -these  Shuttle  on -hoard  checkout  concepts  to  other  payloads,  the  following 
documents,  made  available  by  MSA/GSFC,  were  thoroughly  reviewed: 

OGO-F  Final  Article  Test  Plan,  TRW  ITo.  026h8-6040-T0000 
OSO-El  Launch  Stand  Payload  Checks,  BBRC  TN  65-325 
OSO-El  Thermal  Vacuum  Test  Package,  BBRC  TR  65-319 
OSO-El  Comprehensive  Acceptance  Test  Procedures,  BBRC  TE  65-318 

The  test  programs  outlined  in  these  references  were,  of  course,  developed  for 
the  expendable  launch  mode,  with  no  second  chance  available,  such  as  provided 
by  , on-orbit  module  replacement  or  retrieval.  Extensive  use  was  made  in  these 
ground  test  programs  of  reptitive  testing  and  special  external  stimuli  such 
as  ,sun  guns,  spin  flashers,  magnetic  devices,  radiation  sources  and  externally 
applied  test  aids  to  supplement  the  umbilical  and  RF  links.  Such  measures 
were  considered  necessary  to  obtain  the  very  hi^  confidence  levels  of  system 
functioning  and  optimization  required  for  launches  on  expendable  boosters. 
Payloads  designed  for  shuttle  launch  do  not  require  as  good  a reliability  or’ 
as  hi^  a confidence  level  because  they  can  he  repaired  or  returned  if  not 
working  satisfactorily  after  ascent  and  on-orhit  checkout.  For  these  reasons, 
the  ground  test  programs  may  be  reduced  by  employing  simpler  tests  and  fewer 
iterations,  with  consequent  KDT&E  cost  savings. 

For  example,  the  historical  OGO-F  countdown  included  checks  of:  (a)  space- 

craft RF  commands,  data  handling,  power  systems  and  experiment  operation; 

(h)  payload  configuration  for  the  terminal  count;  (c)  the  terminal  count,  and 
(a)  an  abort  procedure.  A data  center,  an  RF  van,  and  peripheral  equipment 
were  employed. 

A payload  checkout  set  in  the  shuttle  cargo  bay  is  capable  of  conducting  the 
essential  parts  of  the  OGO -0-110  Abbreviated  Functional  Test,  including  - with 
the  assistance  of  shuttle  maneuvers  - response  to  ACS  stitmilation.  Experiments 
would  be  in  a quiescent  state  imder  these  conditions.  Further,  with  the  pay- 
load  deployed  on- booms  from  the  shuttle,  the  experiments  could  be  activated 
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and  checked  out  "by  the  Shuttle  onboard  checkout  set  before  handover  to  ground 
control;  handover  capabilities  can  be  verified  prior  to  payload  separation. 

In  other  words,  the  payload  checkout  set,  the  shuttle  payload  crew,  and  the 
Shuttle  ground  communications  link  replaces  the  EF  checkout  van,  the  ground 
test  crew,  and  the  ground  communications  and  data  links.  This  approach  allow.s 
the  OGO-F  control  center  to  optionally  exercise  the  same  command/control  anal- 
ysis functions  as  before. 

The  OSO-El  is  characterized  by  a multiplicity  of  experiments  requiring  many 
types  of  external  stimuli  to  completely  check  out.  The  spacecraft,  separate- 
ly, however,  can  be  rather  thorou^ly  controlled  and  tested  through  KF  or  um- 
bilical links  connected  to  the  Shuttle-carried  checkout  set.  In  particular, 
the  T-0  Day  Checks  may  he  made  with  the  payload  checkout  set  onboard  the 
shuttle,  as  well  as  the  T-1  Day  Checks  of  Power  System,  Communications  System, 
Command  response.  Configuration  and  Launch  Status. 

As  with  OGO-F,  the  potential  limitations  in  checkout  of  OSO-El  are  the  use  of 
external  stimuli  other  than  those  available  throu^  Shuttle  maneuvers  or  from 
natural  sources  in  orbit  with  the  Shuttle  cargo  bay  doors  open.  Since  the 
payload  is  presumed  to  have  been  tested  and  totally  operational  before  it  is 
loaded  into  Shuttle,  and  is  carefully  handled  and  monitored  from  then  on,  the 
repeated  application  of  external  stimuli  does  not  appear  necessary  nor  desir- 
able. Deployed  operation  of  experiments  and  sensors  may  he  verified  after 
the  payload  has  been  extended  on  booms  from  the  cargo  hay  and  still  attached 
to  the  Shuttle.  Checkout  in  this  mode  may  he  through  an  umbilical,  by  EF  link 
to  the  Shuttle  or  directly  under  control  (EF)  ,of  ground  stations. 

Some  modifications  to  the  OGO  and  OSO  would,  of  course,  he  required  for  adap- 
tation to  Shuttle  and  to  use  of  Shuttle  onboard  payload  checkout.  These  pri- 
marily involve  provisions  for:  (l)  the  test  uitibilical,  (S)  EF  switches  for 

closed-loop  testing  and  control,  (3)  remotely  activated  safe-arm  switches 
instead  of  manual  safe-arm  plugs , and  (4)  payload  safing  for  aborts  or  re- 
covery modes . Similar  provisions  will  also  be  required  for  all  other  payloads 
to  be  used  with  the  Shuttle . 
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In  stunmary,  the  OGO-F  and  OSO-El  payloads  could  be  checked  out  onboard  the  , 
Shuttle  with  a payload  checkout  set  (similar  to  that  concepted  for  the  OAO-B) 
before  deployment  and  separation  in  orbit . 

8.2.7  Operational  and  Cost  Effects  of  Qn-Orbit  Checkout  by  Shuttle 

The  primary  advantages  of  use  of  on-orbit  checkout  of  payloads  are  suiflmarized 
fdllowing: 

a.  Greatly  Increases  Probability  of  Mission  Success 

Checkout  of  the  payload  after  the  launch/ascent  ride  and  replacement  of 
degraded -performance  or  failed  equipment  eliminates  a relatively  large 
percentage  of  launch/ ascent  failures . Provides  a "launch  base  on 
orbit" . 

b . Allows  First-Hand  Observation  of  Payload  Function  on  Orbit 

The  payload-cognizant  personnel,  whether  on  the  Shuttle  or  on  the  ground, 
can  read  payload  data  and  add  special  verification  tests  as  required  to 
verify  status  of  payload  before  committing  to  orbit  deployment. 

c . Makes  Feasible  On-Orbit  Module  Replacement  and  Re-Checkout 

Eather  than  return  the  payload  to  earth,  with  attendant  exposure  (to  re- 
entry, landing,  and  another  launch/ascent,  it  is  desirable  to  maintain 
the  payload  in  its  relatively  benign  orbit  envirorjnent , Eeplacement  of 
payload  modules  on  orbit  (repair  or  refurbishment)  accrues  direct  bene- 
fit. Also,  two  or  more  payloads  can  be  "serviced"  in  orbit  by  a .single 
Shuttle  launch  which  carries  a multiple  quantity  of  replacement  modules; 
this  provides  direct  reduction  in  transportation  costs  (compared >to  round 
trip  transport  of  the  single  payloads  to  earth  and  return  to  orbn^t) . 
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8.3  DEHiOYMEM? /RETRIEVAL  OF  PAYLOADS  BY  SHUTTLE 

The  method  of  support  of  a payload  in  the  cargo  hay  of  the  Shuttle,  and  the 
devices  used  for  checkout,  deployment,  and  retrieval  of  the  payload,  have  a 
distinct  effect  upon  the  payload  struct^lral  configuration  and  the  arrangement 
of  extendable  booms,  solar  arrays,  and  other  equipment.  It  was  necessary, 
therefore,  to  investigate  the  structural/mechanical  interfaces  between  the 
three  lovr-eost  payloads  and  the  Shuttle  to  assure  that  the  proposed  payload 
designs  were  feasible  and  practicable.  Layouts  were  made  of  the  payload  in- ^ 
stallations  in  the  Shuttle  and  a universal  deployment/retrieval  gear  was  con- 
ceptually designed  to  the  point  where  compatibility  with  the  low-cost  payloads 
was  demonstrated. 

This  sub-section  provides  descriptions  of  the  OAO,  SEO,  and  SRS  installations 
in  the  Shuttle  and  summarizes  the  characteristics  of  a universal  deployment/ 
retrieval  gear.  This  is  not  stated  to  be  the  only  approach  which  would  be 
suitable  for  use  with  various  unmanned  payloads;  rather,  it  is  a single  con- 
cept used  to  verify  typical  Shuttle  interfaces  with  the  Shuttle. 

8.3.1  Installation  and  Deployment /Retrieval  of  the  Low-Cost  OAO 

The  installation  of  the  low-cost  OAO  in  the  Shuttle  is  illustrated  in  Fig. 

8-7.  A cradle  assembly,  equipped  with  a drogue  funnel  and  latch  at  each  of 
its  four  corners,  accepts  four  support  hold-down  pins  (detail  shown  on  Fig. 
8-8),  The  cradle  is  in  turn  latched  down  to  2L/2R  supports  rigidly  attached 
to  the  Shuttle  cargo  bay  structure;  these  four  mounting  points  are  the  mech- 
anical interface  between  the  OAO  and  the  Shuttle  and  all  launch/ascent,  man- 
euvering, reent3?y,  and  landing  loads  are  transferred  through  these  points. 

Upon  attainment  of  orbit  position  and  follovring  completion  of  OAO  checkout 
within  the  cargo  bay,  the  cradle  hold-down  pin  latches  are  electrically  ac- 
tuated to  "open",  releasing  the  payload/ cradle  from  the  Shuttle.  Four  exten- 
dable booms  (one  at  each  corner  of  the  cradle)  raise  the  OAO  from  the  cargo 
bay  cavity  (shown  in  Fig.  8-9).  The  solar  array  paddles  are  unfolded. 
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1 

Support  Lug  and  Hold-Down  Pin- 
Payload  (Ref.)(4) 

Drogue  Funnel  (4)  - Payload/Cradle 
Latch  - Cradle  Assy  (4) 

(T)  End  Fitting  - Cradle  Assy.  (4) 

(5^  Hold-Down  Pin  - Cradle  (4) 

(6)  Cradle  (2) 

Spreader  Bar  (2) 

Drogue  Funnel  - Cradle/Shuttle  (4) 

(V)  Latch  - Shuttle  (4) 

(1^  Support  - Cradle/Shuttle  (4) 

(IT)  Bi-Stem  Boom  (4) 

UNIVERSAL  PAYLOAD  DEPLOYMENT/RETRIEVAL 
MECHANISM  ARRANGEMENT 

Fig.  8-8 
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Low-Cost  OAO 


Fig.  8-9  OAO  Extended  Position  for  Deployment/Retrieval 
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The  next  phase  of  checkout  of  the  OAO  is  initiated,  using  solar  array  power 
and  with  the  OAO  transmitting  directly  to  grovind  to  verify  the  final  functions . 
When  all  signals  are  "go",  the  OAO  is  released  from  the  cradle  assenibly  hy 
remote  actuation  of  drogue  funnel  latches  (via  electrical  conductor  within  the 
extendable  boom) . 

Eetrieval  of  the  OAO  is  performed  in  reverse  order.  The  OAO  is  grappled  from 
free-flight  by  the  Tug  or  a telefactor  robot  dispatched  from  the  Shuttle.  The 
Tug  or  robot,  with  vernier  translation  and  position  control,  will  place  the 
OAO  into  the  aforementioned  extended  cradle  assembly,  engaging  the  four  OAO 
support/hold-down  pins  into  the  drogue  funnels  on  the  cradle.  The  booms  will 
then  be  actuated  to  "retract",  lowering  the  OAO/cradle  into  latched  position 
within  the  cargo  hay. 

8.3.2  Installation  and  Deployment /Retrieval  of  the  Low-Cost  SEP 

The  installation  of  the  SEO/Tug  within  the  Shuttle  is  similar  to  that  of  the 
OAO  in  that  four  sjmchronized  extendable  booms  are  used;  a cradle  assembly  is 
utilized  to  support  the  Tug  in  the  extended  position.  Figures  8-lOa  and  -10b 
illustrate  the  installation  arrangement.  The  SEO  is  mounted  to  the  Tug  by  a 
docking  ring  attachment. 

To  provide  lateral  stabilization  (vertical  and  sideways)  of  the  SEO  for  lamch/ 
ascent  and  landing  loads,  IL/lR  support  points  are  installed  at  the  forward 
end;  these  supports  also  sustain  fore-aft  loads.  The  docking  ring  carries 
lateral  loads  only  and  is  spring-mounted  to  the  SEO  to  prevent  loads  which 
might  be  exerted  by  Shuttle  dimensional  growth  or  shrinkage  between  the  fixed 
forward  mounts  on  the  SEO  and  on  the  Tug. 

For  extension  of  the  SEO/Tug,  six  support  latches  are  released;  IL/lR  on  the 
SEO  and  2L/2R  on  the  Tug.  The  extendable  booms  are  then  actuated  to  raise 
the  SEO/Tug  to  an  extended  position  (shown  also  in  Fig.  8-II)  . 
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Fig.  8-lOb  Shuttle  Installation  of  SEO  and  Space  Tug 
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Fig.  8-11  SEO/Tug  Extended  "Position  for  Deployment/Retrieval 
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The  S20/Tug  is  released  from  the  cradle  assembly  (same  as  for  OAO) , the  Shuttle 
is  maneuvered  to  a safe  station -keeping  distance,  and  the  Tug  ignited  by  remote 
signal  from  the  Shuttle.  The  Tug  pushes  the  SEO  to  Sjmeq  orbit  position  at 
which  time  the  docking  ring  is  de-coupled  by  remote  signal  from  the  Shuttle 
or  from  ground  command.  The  Tug  then  returns  to  low  earth  orbit  for  rendez- 
vous and  retrieval  by  the  Shuttle  and  return  to  earth. 

Retrieval  of  the  SEO  in  Syneq  orbit  is  executed  by  the  Tug.  Equipment  has 
been  installed  in  the  low-cost  SEO  which  will  maintain  the  SEO  in  stable  mode 
for  docking  hy  the  Tug.  Four  passive  reflectors  have  been  provided  on  the 
SEO  docking  ring  face  to  supply  transponding  to  rendezvous  and  alignment  sen- 
sors and  transmitters  on  the  Tug.  The  remote  docking  in  Sjmeq  orbit  has  been 
investigated  to  the  extent  that  technical  feasibility  has  been  determined; 
however,  development  of  this  concept,  both  in  operational  techniques  and  hard- 
ware, is  required. 

The  combined  SEO/Tug  rendezvous  with  the  Shuttle  in  low  earth  orbit,  the  Tug 
is  mated  with  the  extended  cradle  assembly,  and  the  booms  are  retracted  to 
lower  the  SEO/Tug  into  latch-down  position  in  the  Shuttle  cargo  hay. 

8.3.3  Installation  and  Deployment  of  the  Low-Cost  SRS 

The  installation  of  the  SRS  in  the  Shuttle  is  different  from  the  OAO  and  SEO 
in  that  a set  of  three  SRSs  are  deployed  into  orbit  on  a single  Shuttle  launch. 
The  "cradle"  assembly  for  the  SRS  is  therefore  configured  to  support  and  de- 
ploy three  payloads.  Figures  8-12a  and  ~12b  illustrate  the  arrangement.'  The 
cradle  or  platform  is  latched  down  to  the  Shuttle  cargo  hay  structure  at  four 
points.  When  these  latches  are  released  in  orbit,  a single  extendable  boom 
raises  the  platform  to  an  extended  position.  The  payloads  are  then  released 
by  a pin-puller  and  a set  of  springs  pushes  the  SRS  to  a safe  distance  from 
the  Shuttle  where  the  spin  rockets  and  the  orbit  positioning  thruster  are  ig- 
nited. Only  two  of  the  three  SRSs  are  launched.  The  third  is  carried  as  a 
spare  if  either  of  the  others  fail  to  pass  predeployment  checkout.  The  unused 
SRS  is  returned  to  earth  for  refurbishment  and/or  checkout  and  reuse. 
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Pig.  8-12a  Xaw-Cost  SES  Space  Shuttle  Hold-Down/Deployinent  Installation 
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Fig.  8-1213  Low-Cost  SRS  Hold-Down  Deployment  Provisions  (Shuttle) 
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The  SRS  is  laTonched  as  an  expendable  payload j retrieval  is  not  planned. 

8.3A  The  Universal  Deployment /Retrieval  Gear 

As  an  aid  in  verifying  the  operational  feasibility  of  the  deplojrment/retrieval 
gear,  the  functional  and  structural  characteristics  were  derived  using  supplier 
data  on  similar,  but  smaller,  extendable  booms.  Weight  estimates  of  the  assem- 
bly were  also  made.  A 3-inch  diameter  boom  was  concepted  for  the  OAO  and  a 5- 
inch  diameter  boom  for  the  SEO/Tug. 

8t3.4.1  Features  of  the  Gear.  The  basic  concept  of  the  extendable-bbom  is 
not  new.  It  has  been  successfully  used  in  other  space  applications  in  smaller 
sizes.  Data  from  the  supplier  of  bi-stem  boom  elements,  SPAR  Aerospace  Pro- 
ducts, Ltd.,  of  Toronto,  Canada,  were  utilized  in  developing  configuration 
and  weights.  The  features  of  deployment  gear,  which  employs  one,  two,  or 
foTir  bi-stem  motorized  booms;  are  listed  on  Fig.8-13.  The  design  ch^aeter- 
istics  are  tabulated  in  Fig.  8-l4. 

8i3-^*2  Configuration  and  Weight.  The  housing  for  each  extendable  b'pom  was 
configured  as  shown  in  Pig.8-15,  The  weight  of  a boom  assembly,  including 
sufficient  metal  tape  to  reel-out  a distance  of  30  ft  (9. 15  m),  is  90  lb 
(40.8  kg)  for  a 3 in.  dia.  (7*62  cm  dia.)  boom  and  302  lb  (l37  hg)  for  a 5 
in.  dia.  (l2.7  cm  dia.)  boom.  A preliminary  design  of  the  other  elements  of 

the  deplosnnent  gear  was  accomplished  so  that  wei^t  estimates  could  be  made. 

The  wei^t  breakdown  is  listed  in  Fig.8-l6.  The  total  installed  weight  of 

the  gear  for  the  OAO  is  528  lb  (239  kg);  the  wei^t  of  the  gear  for  the  SEO/ 

Tug  is  l484  lb  (675  kg) . 

8.4  REPAIR  AM)  REF[JEmiSHMEl3T  OF  PAYLOADS 

Tb  provide  for  the  maximum  reduction  in  program  cost  of  Shuttle -launched  low- 
cost  payloads,  it  is  necessary  to  employ  repair/refurbishraent  and  repse  tech- 
niques for  not  only  the  payload  but  also  for  equipment  modules  and  components 
which  comprise  the  payload.  This  sub-section  is  devoted  to  describing  the 
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€ EXTENDABLE-BOOM  ASSEMBLIES 

® Can  be  used  singly  or  in  sets  of  2 or  4 
@ Simple  bolt-on  mounting  to  cargo  bay  bulkhead 
® Integral  electrical  cable  for  remote  latch  activation 

© Sustains  bending  loads  with  Shuttle  maneuvering  and  with  payloads  extended  up  to 
40  ft  above  stowage  position  (12. 2 m) 

© Rate  of  extention/retraction:  0.5  in  per  see;  20  ft  in  8 min  (1.27  cm  per  see;  6.1  m in  8 min.) 
® CRADLE  ASSEMBLY 

© Single  welded-beam  construction 

® Interchangeable  end  fitting  assembly  (4)  - Drogue  funnel,  latch,  hold-down  pin 
© Varying -length  spreader  bars  to  adapt  to  payload  length 
© Semi-circular  cradles  to  fit  payload  diameter 
e SHUTTLE/SUPPORT/HQLD-DOWN 

® Interchangeable  fitting  to  mate  with  cradle  - Drogue  funnel,  latch 
@ Welded  bracket  or  truss;  bolt -attaches  to  stiffened  attach  area  on  cargo  bay  bulkheads 


Fig.  8-13  Features  of  Universal  Deployment/Retrieval  Gear 
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TYPE: 


storable  Tubular  Extendable  Member  (STEM)  with  two  concentric  spring-tube  elements 
--(BI’-STEM) 

TUBE  Std  steel  spring;  .020  x 8.6  in.  flat,  3"  dia.  (30®  aap) 

ELEMENTS:  .0333  x 12.1  in.  flat,  5"  dia.  (30  gap) 

MAXIMUM  SHUniE  ANGULAR  ACCEL.  (PITCH):  0.74  deg/sec^  (or  1.3  x lO"^  rad/sec^) 

BOOM  BENDING  CHARACTERISTICS’^^: 


Extension 

Force  at 
Boom  Tip 

Max,  Shuttle-Applied  Moment 

Allowab 

e Bending 

Maximum  Extension 

F.S.=! 

F.S.=3 

3”  dia. 

5"  dia. 

F.S.=1 

F.S.= 

3 

3"D 

5"  D 

3"  D 

5"  b 

10  ft 

2681b 

335  ft  lb 

1005  ft  lb 

20  ft 

535  lb 

1338  ft  lb 

4012  ft  lb 

1000 

4500 

17  ft 

37  ft 

9 ft 

22  ft 

30  ft 

803  lb 

3011  ft  lb 

9033  ft  lb 

ft  lb 

ft  lb 

If  Si 

1 i 

40  ft 

1071  lb 

5355  ft  lb 

16065  ft  lb 

BOOM  COMPRESSION  STRENGTH;  1009  Ip 

ELECTRICAL  POWER  REQD:  Retraction/Extension''  - 8 watts  for  3"  dia;  16  watts  for  5"  dia 


Extension  uses  lower 
wattage  because  colled 
^elemient"ass1sts. 

**  SEO/Tug  loads  applied. 


TIP  DEFLECT iON’='=^ 


Extension 

Deflection 

3"  Dia. 

5"  Dia. 

10  ft 
20  ft 
30  ft 
40  ft 

.004  In. 
.185  " 

.94 
3.9 

.0005'in. 
m5  ^ 
.134 
.56 

1 in . = 2.5^  cm 
1 ft  = 0.3048  m 
1,11)  = U.UJ+4  N 

I’ft  Vo  = 1.356  Nm 


Fia.  8-14  Design  Characteristics  of  Bi-Stem  Deployment  Booms 
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1 in  = 2.5^  cm 
1 ft  = 0.3048  m 
1 lb  = 0.4536  kg 


Dimensions 

• 

Boom  Dia. 

mm 

5 in. 

d 

3 

5 

D 

6 

10 

W 

13 

19 

H 

50 

70 

— ..  ■ 

Weights  ■ 

Boom 

Dia. 

3 in. 

5 in. 

Boom  Elements 

42  lb 

122  ib 

Housing  Motors, 
etc. 

Total  Weight 

90  lb 

302  Ib  1 

Fig.  8-15  Dimensions  and  Weights  - Extendable  Boom  Assy. 
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HARDWARE  ITEAA 

FOR  LOW-COST  OAO 

FOR  LOW-COST  SEO  & TUG 

.Qty 

.Unit-Wt. 

Total  WU 

■ ■ 

-Qty 

Unit  Wt. 

Total  Wt. 

3"  Extendable  Boom  Assy 

4 

90.0  lb 

360.0  lb  1 

5"  Extendable  Boom  Assy 

4 

302.0  lb 

1208.0  lb 

Cradle  Assy. 

50.0 

116,0 

87.0 

194.0 

Drogue  Funnel 

4 

(2.0) 

( 8.0) 

4 

( 2.0) 

( 8.0) 

Latch 

4 

(l.O) 

( 4.0) 

4 

( 1.0) 

( 4.0) 

Cradle  End  Fitting 

4 

(3.0) 

( 12.0) 

4 

( 3.0) 

( 12  .0) 

Cradle  Shear  Hold- 

Down  Pms 

4 

(2.0) 

( 8.0) 

( 2.0) 

( 8.0) 

Cradle  Beam 

2 

(26.0) 

(52.0) 

(28.0) 

( 56.0) 

Spreader  Bar 

2 

(16.0) 

(32.0) 

(53.0) 

(106.0) 

Supports  - Cradle/Shuttle 

13.0 

52.0 

BSH 

52.0 

Drogue  Funnel 

4 

( 8.0) 

4 

( 8.0) 

Latch 

( 4.0) 

( 1.0) 

( 4.0) 

Truss 

(40.0) 

- 

- 

— 

Bracket 

4 

(10.0) 

( 40.0) 

Support  - SEO/Shuttle 

30.0 

Drogue  Funnel 

2 

y 

■BH 

( 4.0) 

Latch 

- 

- 

2 

( .2.0) 

Truss 

2 

(12.0) 

( 24.0) 

TOTALS’ 

153.0  lb 

528.0  lb 

417.0  lb 

1484.0  lb 

1 llD  = 0.4536  kg  1 ft  = 0.3048  m 

Fig.  8-16  Weight  Estimates  - Universai  Su^rt/Deployment/Retrieval  Installation  for  Payloads 
(30  ft  extension) 
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concepts  of  repair  and  ref^lr'blshment  developed  during  the  study  and  illustrat- 
ing the  magaitude  of  dollar  savings  which  can  he  obtained. 

8.4.1  Basic  Approach  to  Payload  Repair/Refurbishment 

The  concept  developed  for  repair  and.  refurbishment  includes  these  basic 
elements : 

® Repair  of  initial-launch  payload  on-orbit  following  pre -deployment 
checkout 

® Periodic  refurbishment  of  the  payload  by  replacement  of  equipment 
modules 

® Orbit  repair  of  random  failures  which  occur  between  refurbishment s 

® Refurbishment  (and  reuse)  of  equipment  modules  hy  replacement  of 
components  therein 

® Refurbishment  (and  reuse)  of  components  by  replacement  of  parts  and 
subassemblies  therein. 

Figure  8-17  lists  the  basic  steps  involved  in  this  overall  concept.  Through- 
out this  discussion,  the  meaning  of  the  two  primary  terms  are: 

"Repair"  - the  replacement  of  a failed  module  with  a new  or  refurbished 
module  thereby  returning  the  payload  to  operational  status 
(but  not  changing  the  overall  life  expectancy  of  the  payload)  . 

"Refurbishment"  - the  replacement  of  all  hardware  elements  which  have 

degraded  over-  the  operating  time,  thereby  restoring  the  pay- 
load  (on .module  or  component)  to  its  initial  operating  life 
expectancy. 


8-41 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LOCKHEED  MISSILES  & SPACE  COMPANY 


REPAIR  ON  ORBIT 


® Carry- as’ spares  on' initial*  launch*  modules  (total  wt.  2093  !b)  - OAO 

H different  modules  (total  wt.  1423  lb)  > SEO 

@ Checkout  of  payload  on  orbit 

© Replace  any  module  which  has  failed  or  degraded  in  launch/ascent 
© Return  failed  module  for  ground  refurbishment 
® REFURBISHMENT  OF  PAYLOAD 

@ Periodically  replace  the  orbiting  payload  with  a refurbished  (at  nom  l-vr  Interval 
for  OAO;  at  2-yr.  intervals  for  SEO) 

® Retrieve  the  "used"  payload  from  orbit  with  Shuttle  or  Tug/Shuttle  and  return  to  earth. 
- @ Remove  used/fa  I led  modules  from  space  frame 

$ Install  new  (or  refurbished)  modules 
® Perform  system -level  payload  checkout 
« REFURBISHMENT  OF  MODULES 

« Remove  module  cover  and  equipment  components 
® Install  new  (or  refurbished)  components  into  module 
® Test  module  in  spacecraft  simulator,  using  standard  checkout  set 
^ REEURRISHMENIQF.  COMRCNENTS 

LOW-COST  PAYLOAD  REPAIR/REFURBISHMENT  APPROACH 
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8.4.2  Analysis  of  On-Orblt  iMbdule  Re-placement 

To  assiare  that  the  concept  of  replacement  of  equipment  modules  in  payloads  on 
orbit  was  sound,  feasibility  analyses  were  made  of  the  areas  affecting  the  _ 
actual  hardware  implementation  of  the  concept.  Figure  8-l8  lists  these  analy- 
ses. The  concept  was  determined  to  be  feasible  and  compatible  with  the  Shuttle 
operational  modes . 

8.4.3  Repair  of  Payloads  on  Orbit 

Repair  on  orbit  of  payloads  falls  into  two  categories:  (l)  repair  following 

the  rigorous  launch/ ascent  and  (2)  repair  of  random  failxires  which  may  occur 
between  the  periodic  refurbishment  points. 

8. 4. 3.1  Checkout  and  Repair  After  Launeh/Ascent . Investigation  of  payload 
failure  modes  has  revealed  that  a significant  percentage  of  total  failures 
occurs  in  the  launch/ascent  phase  of  payload  total  life  or  shortly  thereafter. 
Althou^  further  detailed  analysis  of  this  condition  is  required,  it  appears 
desirable  to  isolate  and  eliminate  these  failures  where  possible.  It  is, 
therefore,  proposed  that  replacement  (spare)  modules  he  carried  to  orbit  with 
the  payload.  Checkout  of  the  payload  on  orbit  (using  the  Shuttle-carried 
payload  checkout  set)  will  reveal  any  failiire  or  degraded  performance  of  a 
module;  the  module  can  then  be  replaced  prior  to  payload  deployment  to  orbit. 

There  are  eleven  different  modules  in  each  payload  with' multiple  quantities  of 
some  of  these.  It  is  planned  (at  least  for  the  early  launches,  until  statis- 
tical failure  data  can  be  accumulated)  that  one  of  each  of  the  different  mod- 
ules (except  the  solar  array  unit)  be  carried  to  orbit  with  each  payload  launch 
The  list  of  modules  for  the  OAO  is  shown  on  Fig.  8-3-9  . One  set  (excluding  the 
solar  array)  wei^s  2093  Ih  (950  kg). 


Equivalent  data  for  the  SEO  modules  are  given  on  Fig.  8-20.  The  set  of  spares 
for  the  SEO  (excluding  the  solar  array  paddle)  weighs  1354  lb  (613  kg). 
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DEACTIVATION  AND  AHITUDE  STABILIZATION  OF  PAYIOAD 


6 EVA  VS  REMOTE  MANIPULATORS 

« MANNED  AND  UNMANNED  SPACE  TUG  OPERATIONS  WITH  THE  SHUTTLE 
e RECALI BRATION  OF  PAYLOAD  AFTER  MODULE  REPLACEMENT 
• GROUND-BASE  RESPONSE  TIME 

03 

I 

^ » TURNAROUND  TIME  FOR  GROUND  REFURBISHMENT 

a ON-O RB  IT  RE-CHECKOUT  AFTER  MA I NTENANCE/REFU RB I SHMENT 
9 PAYLOAD  WEAROUT/RELI ABILITY  VS  REFURBISHMENT  CYCLE 


IN-ORBITMAINTENANCE/REFURBISHMENT  ANALYSES 


rig.  8-iB 
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Module 

Quantity 

Delivered  Cost 

Unit 

Subsystem 

per 

per  Single  Module 

Weight 

No, 

■■BSaHI 

Payload 

($  Million) 

(lb) 

1 

Battery 

1 

.919 

448 

Electrical 

2 

Power 

1 

.434 

- 

Solar  Array 

2ea. 

.368 

CDPI 

1 

Computer 

1 

.716 

322 

2 

Communication 

1 

.904 

104 

Stabilization 

1,2 

Primary  Attitude 

1 ea. 

1.011 

161 

& Control 

3 

Secondary  Att. 

1 

i.055 

4 

Wheel 

1 

.815 

186 

Attitude  Control 

1,2 

3,4 

Attitude  Control 

1 ea. 

.241 

207 

Experiment 

1 

Electronic 

1 

.765 

156 

2 

Elect  ro-Mech. 

1 

.917 

173 

TOTALS 

8.145 

2268 

1 Va  = 0,4536  kg 
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Subsystem 

— 

Module 

m 

Delivered  Cost 
Per  Single  Module 
($1000) 

Unit 
Weight ' 
(lb) 

No. 

Type 

1 

Battery 

1 

187 

■I 

Electrical 

2 

Power  Control 

1 

402 

3,4 

Paddle  Drive 

120 

5,6 

Solar  Paddle 

264 

HI 

Commun., 

1,2 

Data  Handling 

Data  P roc 

1 ea 

665 

81 

Instrumen. 

3 

Communications 

1 

889 

87 

Stabilization 

1 

Sensing  & Flight  Control 

1 

1117 

98 

& Control 

2 

Momentum 

1 

504 

125 

Attitude 

Control 

1,2 

3,4 

' 

Attitude  Control 

. ....  .... 

1 ea 

139 

143 

Experiment 

1 

Photographic 

1 

1293 

419 

2 

VIdIcon  Camera 

1 

381 

86 

Totals 

5961 

1423 

1 lb  = 0A536  kg 
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8, 4. 3. 2 I^epair  of  Random  Failures.  Because  of  the  comparatively  hi^  cost 
of  transportation  to  perform  a repair  revisit,  it  is  not  proposed  to  perform 
repair  onljy  on  a low  earth  orbit  payload  (OAO)  when  a random  catastrophic 
failure  occurs  within  the  last  three  months  of  a 1-year  operating  period. 
Rather,  a jrefurbishment  will  be  performed.  If  a failure  occurs  prior  to  the 
nominally -jscheduled  1-year  point,  the  refurbishment  will  be  rescheduled.  Sim- 
ilarly, if  satisfactory  operation  of  the  OAO  continues  beyond  the  l~year  point, 
the  refurbishment  can  be  delayed.  The  statistical  probability  of  failure  oc- 
currence (ior  wearout)  has  been  assumed  to  average  a 1 year  time  period  for 


the  OAO . I 


On  a ^meq  orbit  payload  (SEO),  it  is  not  proposed  to  perform  repair  only  when 
a random  catastrophic  failure  occurs.  Rather  a payload  replacement  will  be 
performed  and  the  failed  SEO  will  be  returned  to  earth  for  refurbishment.  The 

statisticajl  probability  of  occirrrence  of  random  failures  on  the  SEO  has  been 

1 

assumed  tcj  average  a 2-year  time  period. 

J 

I 

8. 4. 3. 3 ^ares  for  On-Orbit  Repair.  The  cost  of  spares  replacements  for  SEO 
repair  has!  been  estimated.  It  has  been  assumed  that  a group  of  4 SEO  launches 
will  require  replacement  of  two  modules  or  an  average  of  one  module  for  each_ 

2 SEOs.  The  average  cost  of  a module  is  $542,000  (total  of  11 -module  set  di- 
vided by  the  quantity) . The  average  cost  is  assumed  to  be  maintained,  in  a . 
randomly  distributed  fashion  over  the  program  period  (detail  analysis,  pro- 
posed for  follow-on  study,  will  be  able  to  ascertain  module  failures  and  their 
occurrence  probability)  . This  average  module  cost  divided  by  the  recurring 
cost  of  two  SEOs  ($19.66  million)  derives  an  average  repair  cost  totalling  , 
2.75  percent  of  the  SEO  recvirring  cost.  Multiplying  the  "average”  repair  cost 
of  $271, OQO  per  launch  by  the  20  launches  required  for  the  10-year  program  de- 
rives $5.4p  million  required  for  on-orbit  repair.  These  costs  have  been  in- 
cluded in  jthe  allotment  for  total  spares  in  the  cost  estimates  for  the  lew- 
cost  SEO. 


Similarly,  the  average  cost  of  a module  for  the  OAO  is  $740,000,  which  is  also 
assumed  to  be  applied  randomly  over  a .6--year  program  with  one  module  requiring 
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replacement  each  year.  The  total  repair  cost  for  the  6-year  program  would  he 
$4,^5  million.  Costs  to  cover  these  repairs  are  included  in  the  conservative 
estimate  for  all  program  spares  of  $l8.66  million  for  the  low-cost  OAO, 

8.4.4  Refurbishment  of  Favload.s 

8. '4. 4.1  OAO  Refurbishment  in  Orbit . It  is  planned  to  periodically  (at  the 
end  of  each  1-year  operating  period,  or  as  varied  by  actual  failure  experience) 
launch  a Shuttle  with  a set  of  replacement  modules . The  OAO  would  he  retrieved 
by  the  Shuttle  in  low  earth  orbit  and  all  modules  replaced  while  the  OAO  was 
tethered  to  the  Shuttle  on  the  extended  deployment/retrieval  gear  or  within 
the  Shuttle  cargo  bay.  The  new  modules  would  be  installed  in  the  OAO:  (l}_ 

by  Shuttle  crew  members  working  in  EVA  or  non-pressurized  IVA;  (2)  by  tele-' 
factor  robots  remotely  controlled  from  the  Shuttle  crew  compartment;  (3)  by 
automated  devices;  or  (4)  by  combinations  of  these.  Figure  8- 21  shows  pic- 
torially  four  of  these  modes. 

The  Shuttle  will  return  the  failed  or  spent  modules  to  earth  for  refurbish- 
ment . 

8. 4. 4. 2 SEP  Refurbishment.  It  is  planned  to  periodically  (at  the  end  of  each 
2-year  operating  period,  or  as  varied  by  actual  failure  experience)  launch  a 
replacement  SEO  with  a Shuttle/Tug.  The  failed  or  spent  SEO  would  be  returned 
to  earth  for  refurbishment.  The  low-cost  SEO  will  accommodate  refurbishment 
on  orbit  but  because  the  Tug  must  be  returned  to  earth  for  propellant  refill 
in  the  mode  assumed,  the  SEO  is  returned  to  earth  for  the  refurbishment.  For 
this  operation,  a ready-to-launch  replacement  SEO  must  be  available  on  the 
ground  at  all  times . 

The  first,  second,  and  third  of  a set  of  4 SEOs  must  be  refurbished  and  ready 
for  relaunch  within  60  days  (to  match  the  average  launch  cycle  time  of  60  days 
between  launches).  Refurbishment  of  the  SEO  will  comprise  replacement  of  the 
equipment  modules  and  re-checkout  of  each  SEO.  Because  of  the  longer  time  span 
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required  for  module-level  refurMshment,  two  sets  of  modules  should  be  held 
in  standby;  this  allows  approximately  4 months  for  turnaround  time  for  re- 
furbishment of  a set  of  modules . 

8.4.5  Refurbishment  of  Components 

8. 4. 5.1  Component  Refurbishment  Concept.  The  lowest  level  of  refurbishment 
planned  is  the  component  (two  or  more  components  are  installed  in  each  equip- 
ment module;  Section  5 of  this  report  provides  a detail  description  of  each 
module  of  the  OAO  and  SEO  and  the  components  included  therein) . It  is  planned 
that  component  refurbishment  will  be  accomplished  in  field  repair/refurbish- 
ment  depots  which  are  manned  by  technicians  skilled  in  the  various  separate  . 
subsystems  of  several  payloads;  for  example,  electrical  components,  stabili- 
zation and  control  components,  etc.  Parts  for  this  component  refurbisiiment 
presumably  would  have  been  ordered  at  the  time  of  payload  initial  procurement 
(following  a thorough  logistic  analysis  and  spares  provisioning)  and  wbuld  be 
stocked  in  the  depot  in  bonded  stores.  Also,  required  quantities  of  tbst  sets 
would  be  supplied  to  the  depot  to  allow  complete  test/checkout  of  the  compon- 
ent after  refurbishment . 

The  actual  refurbishment  of  the  component  should  be  limited  to  replacement  of 
those  parts  and  sub-assemblies  which  can  be  readily  removed  and  installed; 
conversely  reuse  without  replacement  is  planned  for  as  many  pieces  of  hard- 
ware as  possible.  Contractor-supplied  repair  and  overhaul  instruction  manuals 
would  be  procured  and  used  by  depot  personnel  as  guides  for  the  refurbishment 
work.  To  facilitate  the  refurbishment  activity,  the  design  of  the  component 
hardware  should  be  carefully  done  to  be  compatible  with  the  basic  depot  dis- 
assembly - assembly  procedures. 

8.4.5 *2  Refurbishment  of  Low-Cost  OAO  Components.  An  analysis  has  been  made 
of  the  refurbishability  of  the  various  components  in  the  low-cost  OAO  modules. 
Figures  8-22a,  -22b,  and  -22c  list:  (l)  the  components;  (2)  the  assumed  re- 

placeable hardware  elements;  and  (3)  the  estimated  cost  of  replacement  parts, 
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Subsystem/ 

Module 

-Replaceable 

Comp. 

Initial 

Recur. 

Cost 

Cost  of  Component  Refurbish. 

Comp. 
Savi  ng 

Component 

Hardware 

Elements 

Repl. 

Parts 

Disassy 

Assy 

QA& 

Test 

Total 

ELECTRICAL: 

Battery 

Battery  (3) 

All 

.030 

- 

- 

- 

- 

- 

(No.  1) 

Pow.Cont.Unit 

PCBs 

.240 

.170 

.004 

.006 

.180 

.060 

Pow.  Reg.  Unit 

Xfmr,  PCBs 

.100 

.070 

.002 

.003 

.075 

.025 

St.  of  Chg.Un 

PCBs 

.080 

.050 

.001 

.001 

.052 

.028 

Diode  Box 

PCBs 

.040 

.030 

.001 

.001 

.032 

.008 

- 

Grd.Pow.Rel. 

Co  nt.  Points 

.080 

.001 

.001 

.001 

.003 

.005 

Batt.  Current 
Shunt 

Instrument. 

.013 

.007 

.001 

.001 

.009 

.004 

Power 

Volt.  Reg /Co  nv. 

PCBs 

.060 

.040 

.002 

.002 

.044 

. .016 

(No.  2) 

Volt.  Inverter 

Xfmr,  PCBs 

.090 

.060 

.002 

.003 

.065 

.025 

Pow.  Dist. Unit 

Fuses,  CBs 

.050 

.030 

.005 

.002 

.037 

.013 

CDPI: 

Computer 

Computer  (2) 

All 

.110 

- 

- 

- 

“ 

(No.  1) 

l/F  Tim.Unit(2) 

PCBs 

.125 

.080 

.004 

.005 

.089 

.036 

Cold  Plate 

None 

.010 

- 

- 

- 

- 

.010 

Comm. 

Tape  Recorder 

PCBs,  Motors 

.125 

.080 

.006 

.004 

.090 

.035 

(No.  2) 

NB  Xmtr 

PCBs 

.030 

.020 

.001 

.001 

.022 

.008 

WB  Xmtr 

PCBs 

.150 

.100 

.003 

.cm 

.107 

.043 

Cmd.  Rcvr(2) 

> 

PCBs 

.080 

,050 

.002 

.002 

.054 

.026 

COMPONENT  LEVEL  PERIRBISHIVIFNT  COSTS  - 0^0  ($  Million)  (Sheet  1 of  3) 
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JSubsystem/  , 

"Componerlt  ' 

Replaceable 
’Hardware  * 
Elements 

Comp. 
.Initial  ^ 

— 
Cost  of  Component  Refurbish. 

Comp. 

‘Saving 

Module 

Recur. 

Repl. 

Disassy  ’ 

QA  & ■ 

Total 

Cost 

Parts 

Assy 

Test 

S & C: 

Gimb.  Star 

Electronics 

.300 

.180 

.010 

.005 

.195 

.105 

Primary  Att. 
Ref.lNo.1,2) 

Tracker 

GST  Electronics 

PCBs 

.100 

.060 

.004 

.004 

.068 

.032 

Inert. Ref.  Unit 

Gyros,  PCBs 

.185 

.150 

.007 

.005 

.162 

.023 

Sec.  Att. 
Ref.  (No.  3) 

Gimb.  Star 
Tracker 

Actuators, 

Mech. 

.300 

.180 

.010 

.005 

.195 

.105 

GST  Electron. 

PCBs 

.100 

.060 

.004 

.004 

.068 

.032 

BS  Star  Track. 

Mech. 

.165 

.080 

.008 

.003 

.091 

.074 

BST  Electron. 

PCBs 

.041 

.025 

.002 

.002 

.029 

.012 

SAS  Electron. 

PCBs 

.020 

.010 

.001 

.001 

.012 

.008 

Wheel 
(No.  4) 

Moment 
Wheels  (3) 

Bearings, 
Mech,  Motors 

.300 

.150 

.010 

.005 

.165 

.135 

Wheel  Elect. 
Fine  Solar 

PCBs 

.050 

.015 

.030 

.002 

.003 

.035 

.015 

Asp.  Sensor 

FSAS  Elect. 

PCBs 

.029 

.018 

.001 

.001 

.020 

.009 

COlVrPaNENTl’EVELWU'R'B^I'SHIVlIMTrO'STS  -TOT) ^CSIre6t7'df‘‘3) 

($/Vlillion) 
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Subsystem/ 

Module 

Component 

Replaceable 

Hardware 

Elements 

Comp. 

Initial 

Recur. 

Cost 

Cost  of  Component  Refurb. 

Comp. 
Savi  ng 

Repl. 

Parts 

Disassy 

Assy 

QA  & 
Test 

Total 

AniTUDE 

Tank 

(Reuse) 

.005 

- 

- 

- 

- 

.005 

CONTROL: 

Valves 

Soats, 

Solenoids, 

.011 

.002 

.004 

.002 

.(K)8 

.003 

Attitude 

Seals 

Control 

1 n 0 /IT 

Regulators 

Springs, 

.027 

.004 

.004 

.002 

.010 

.017 

No.1,4 

Nozzles 

Seats  (Reuse) 

.012 

- 

- 

- 

- 

.012 

Transducers 

All 

.002 

- 

- 

- 

- 

- 

Solar  Asp. Sens 

All  i 

.004 

- 

- 

- 

Thruster  Elect 

PCBs 

I 

.017 

.010 

.001 

.001 

.012 

.005 

EXPERIMENT: 

1 

Exper. 

Electronic 

PCBs 

.680 

.400 

.010 

.010 

.420 

.260 

Electronics 

Unit 

Electro  “Mech. 

Detector 

All 

.079 

- 

- 

- 

- 

- 

Focal  Plane  Ass) 

Bearings,  etc 

.170 

.040 

.010 

.005 

.055 

.115 

Fine  Guid  Assy 

PCBs 

.390 

.280 

.020 

.010 

.310 

.080 

COMPONENT  LEVEL  REFURBISHMENT  COSTS  - OAO  (Sheet  3 of  3) 

($  Million) 
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disassembly/ assembly  labor,  QA  and  test  labor.  In  seme  instances,  the  compon- 
ent is  not  refurbishable;  an  example  is  the  battery  in  the  electrical  power 
subsystem.  In  other  cases,  a new  component  is  relatively  inexpensive  when 
compared  to  the  replacement  parts  and  labor  needed  to  refurbish  it;  in  these 
cases  refurbishment  is  not  planned  — examples  are  the  computer,  solar  aspect 
sensor,  transducers. 

8. 4. 5. 3 Refurbishment  of  Low-Cost  SEP  Components . A similar  analysis  was  made 
of  the  refurbishability  of  the  low-cost  SEO  components.  Figures  8-23a,  -23b, 
and  -23c  list  data  equivalent  to  that  described  in  8.k.^.2  for  the  OAO. 

8.4.6  Refurbishment  of  Modules 

8. 4. 6.1  Basic  Approach.  The  basic  approach  to  module  refurbishment  is  listed 
in  Fig.  8-24  , The  modules  have  been  designed  for  this  t3rpe  of  easy  disassembly 
and  reassembly  (see  description  of  typical  modules  in  Section  5)-  ^e  modules 
which  are  not  proposed  candidates  for  refurbishment  are: 

* Solar  Array  Faddle  (OAO  and  SEO) 

The  principal  costs  are  embodied  in  the  solar-cell  panels.  Althou^ 
these  are  designed  to  be  readily  replaceable  the  field  replacement  of 
all  of  these  panels  involves  a considerable  amount  of  disassembly, 
assembly,  and  test  labor.  It  therefore  appears  desirable  to  order  the 
complete  solar  array  paddle  as  a replacement  article. 

9 TV  Camera  (OAO) 

This  item  is  a highly  sophisticated  piece  of  hardware  involving  a com- 
bination of  electronic  scanning  devices.  Although  redesign  for  refurb 
may  be  feasible,  it  was  not  considered  during  this  study. 

8. 4. 6. 2 OAO  Module  Refurbishment.  The  costs  of  refirrhishment  for  the  lon-r-cost 
OAO  modules  have  been  estimated  and  are  tabulated  in  Fig.  8-25  • The  "replacement 
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Subsystem/ 

Component 

Replaceable 

Hardware 

Elements 

Comp. 

Initial 

Cost  of  Component  Refurbish. 

Comp 

Saving 

Module 

Recur. 

Cost 

Repl. 

Parts 

Disassy 

Assy 

QA  & 
Test 

Total 

Electrical: 

Battery 

Battery  (4) 

All 

.040 

' 

' 

• 

(No.  1) 

Current  Shunt 

Instrument. 

.013 

.007 

.001 

.001 

.009 

.004 

Power 
Control 
(No.  2) 

Bat.  Chg.Cont. 
St. of  Chg.UnIt 
Pow.Dist.  Unit 

PCBs 

PCBs 

Fuses,  CBS 

.163 

.123 

.010 

.010 

.143 

.020 

Motor  Cont-S/A 
-Pulse  Gen-S/A 
Grnd.  Pow.  Relay 

PCBs, Switches 
PCBs 

Cont.  Points 

t C ^ 

.008  . 

.001 

.001 

.001 

.003 

.005 

Paddle 
Drive 
No.  3,4 

Drive  Motor(2) 
Gear  Box 

All 

(Reuse,  Lube) 

.028 

.012 

.001 

.001 

.014 

.014 

COMPONENT-LEVEL  REFURBISHMENT  COSTS  - $E0  (Sheet  1 of  3) 

($  Million) 
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Subsystem/ 

Module 

Component 

Replaceable 

Hardware 

Elements 

Comp 

Initial 

Cost  of  Component  Refurbish. 

Comp 

Recur. 

Cost 

1^ 

QA  & 
Test 

Total 

Saving 

CDPI: 

Tape  Recorder 

PC  Bs,  Motors 

.250 

.170 

.010 

.004 

.184 

.066 

Data  Hdig. 

PCM  Mul/Enc. 

PCBs 

.085 

.050 

.001 

.002 

.053 

.032 

Cmd.  Decoder 

PCBs 

.090 

.060 

.002 

.063 

.027 

Transponder(2) 

PCBs 

.360 

.216 

.003 

.004 

.223 

.137 

Commun. 

TWTA 

PCBsJWT 

.075 

.060 

.002 

.002 

.064 

.011 

Mod.  Selector 

PCBs 

.090 

.060 

.001 

.001 

.062 

.028 

S & C; 

Flight  Control 

Flartronirc 

PCBs 

.592 

.350 

.005 

.010 

.365 

.227 

Sensing  & 
Fit.  Control 

^ j L/  w 1 1 w 1 

Horiz.Sens.(2) 
Solar  Aspect 
Sensor(2) 

Electronics 

All 

.150 

.003 

.100- 

.004 

.005 

.109 

.041 

lyiomentum 

Gimb.  Wheel 

Bearings, 

Mech;Motors 

.191 

.100 

.010 

.005 

.115 

.076 

Wh. Drive  Elec. 

All 

.004 

- 

- 

- 

“ 

Rate  Gyro 

All 

.025 

- 

- 

- 

- 

- 

Wh. Safety  Shld 

None 

.002 

- 

— 

— 

“ 

.002 

COMPONENT-LEVEL  REFURBISHMENT  COSTS  - SEP  (Sheet  2 of  3) 


($  Million) 

Fig.  8-23b 
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Subsystem/ 

Module 

Component 

Replaceable 

Hardware 

Elements 

Comp. ' 
Initial 
Recur. 
Cost 

Cost  of  Component  Refurbish. 

Comp 

Saving 

Repl 

Parts 

D1 sassy 
Assy 

QA& 

Test 

Total 

Attitude 

Control: 

Attitude 

Control 

Tank 

Valves 

Press.  Reg. 
Valve-Clust./ 
Nozzles 
Plumbing 

(Reuse) 

Seats,  Solen- 
oids, Seals 
Spring^  Seats 
Valve-' 
Cluster 
Assy.  Braze 

.005 

.012 

.015 

.006 

.003 

.002 

.003 

.002 

.004 

.003 

.001 

.002 

.002 

.001 

.001 

.001 

.008 

.007 

.004 

M3 

.005 

.004 

.008 

.002 

Experiment: 

Photo- 

graphic 

Camera 
Proces. /Dryer 
Opt/Mech.Scan. 
Film  HdIg.Assy 

Electron. Assy. 
N2  Supply 

Seals,  Mech. 
Mech. 
Electron. 
Vac.  Rate, 
Motors 
PCBs 
None 

.043 

.01=2 

.057 

.060 

.098 

.005 

.015 

.003 

.030 

.010 

.066 

.005 

.001 

.002 

.004 

.004 

.002 

.001 

.005 

.002 

.003 

.022 

.005 

.037 

.016 

.073 

.021 

.008 

.020 

.044 

.025 

.005 

COMPONENT-LEVEL  REFURBISHMENT  COSTS  - SEP  (Sheet  3 of  3) 

($  Million) 


Fig.  8-23C 
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® PiSASSEAABLY  - Remove  module  cover,  remove  components 

9 HARDWARE  REPLACEMENT  - Replace  components  with  new  or  refurbished  items. 
Replace  parts  in  selected  components.  Replacement  hardware  procured  as  spares 
and  delivered  concurrently  with  payload. 

© COA/iPONENT  TEST  “ Test  all  new  or  refurbished  components  prior  to  installation 
into  module  using  checkout  set. 

© INSPECTtON  - Inspect  all  hardware  to  be  re-used  in  accordance  with  payload  main- 
tenance manual  (includes  mechanical  parts,  structural  elements,  chassis, 
electrical  cabling,  etc.) 

® ADJUSTiVlENT/ALIGNIVlENT  - Check  and  adjust  or  calibrate  as  necessary  in  accordance 
with  payload  maintenance  manual. 

® assembly  and  test  - Reassemble  module  and  perform  complete  functional  checkout 
using  checkout  set  and  payload  simulator. 


GROUND  REFURBISHMENT  APPROACH  FOR  MODULES 

(FIELD  REPAIR  DEPOT) 


Fig.  8-24 
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Repl. 

Parts 

Eng. 

Sup. 

5% 

Comp . 
Disassy 
Assy . 

Module 

Disassy 

Assy 

Comp. 
QA  & 
Test 

Module 
QA  & 
Test 
(80  %) 

Total 

Refurb 

Cost 

% of 
New 
Cost 

Electrical  - Battery  No.  1 

.358 

.008 

.010 

.040 

.013 

.136 

.565 

62 

Power  No.  2 

.130 

.004 

.009 

.022 

.007 

.072 

.244 

57 

Solar  Array 

- 

- 

- 

- 

- 

- 

- 

100 

CDP!  - Computer  No.  1 

.190 

.010 

.004 

.019 

.005 

.144 

.372 

52 

Comm.  No.  2 

.250 

.010 

.012 

.019 

.011 

.144 

.446 

49 

S&C  - Prim.  Att.No.1,2 

.390 

.007 

.021 

.017 

.014 

.120 

.569 

56 

Sec.  Att.  No.  3 

.355 

.007 

.025 

.017 

.015 

.120 

.539 

51 

Wheel  No.  4 

.213 

.007 

.013 

.017 

.009 

.120 

.379 

47 

ACS  - No.  1,  2,  3,  4 

.022 

.002 

.009 

.018 

.005 

.032 

.088 

22 

Exper.  - Electron  No.  1 

.400 

.005 

.010 

.012 

.010 

.048 

.485 

64 

Elect. -IVlech  No. 2 

.399 

.008 

.030 

.020 

.015 

.096 

.568 

62 

COST  OF  MODULE/COMPONENT  REFURBISHMENT  -OAO 
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paits"  cost  includes  both  the  cost  of  parts  required  to  refurbish  the  compon- 
ents and  the  cost  of  new  replacement  components  (non-refurbishable) . A nomin- 
al amount  of  support  engineering  has  been  Included  for  the  field  depot  work  , 

(5  percent  of  the  engineering  used  by  the  contractor  in  the  initial  fat,  as- 
sembly, test  of  the  delivered  OAO  hardware) . Disassembly/assembly  labor 
and  QAi/test  labor  costs  are  shewn  separately  for  the  component  and  module-level 
wojk.  The  cost  of  a refurbished  module  ranges  between  22  percent  and  6A  per- 
celit  of  the  cost  of  a new  module. 

8i4.6.3  SEP  Module  Refurbishment.  Equivalent  data  for  the  SEP  modules  are 
tabulated  in  Eig.  8-26.  The  cost  of  refurbished  modules  range  from  39  percent 
tS  66  percent  the  cost  of  a new  module. 

8. '4. 7 Cost  Savings  with  Refurbishment 

Total  savings  on  a typical  unmanned  payload  program  are  quite  significant.  In 
t;^e  following  paragraphs,  the  module  replacement  cycle  is  explained  and  the 
program  dollar  savings  are  provided  for  typical  PAP  and  SEP  payloads.  Similar 
savings  can  accrue  on  other  programs  wherein  the  refurbishment  and  reuse  prin- 
ciple is  employed, 

8t4.7.1  Module  Replacement  Schedule  and  Costs  for  6-Year  PAP  Program.  The 
module  replacement  schedule  (and  module  replacement  costs)  are  tabulated  in 
Fig.  8-27. ‘ All  modules  are  replaced  at  1-year  intervals  except  the  sblar  ar- 
rly  and  the  attitude  control  modules . The  solar  arrays  have  been  designed  to 
operate  for  a 3 -year  period  and  are  replaced  once  at  the  end  of  the  third  year. 

T 

The  attitude  control  modules,  with  inherently  high  reliability  are  also  de- 
signed to  operate  for  3 years.  To  obtain  the  maximum  redundant  usagd,  two  of 

I, 

the  four  modules  are  replaced  at  the  end  of  each  2-year  period.  The  summary 
indicates  that  an  PAP  refurbishment  costs  $4.91  million  (or  $5*65  million,  at 
the  end  of  the  third  year)  conpared  to  a new  PAP  costing  $15.81  million.  The 
cost  of  installing  the  replacement  modules  and  re-checkout  of  the  PAd  is  nom- 

I 

inally  low  and  has  been  left  out  of  the  summary  figures . 
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- 

Repl. 

Parts 

Eng. 

Comp 

Module 

Total 

% of 

Sup. 

5% 

Disassy 

Assy 

QA& 

Test 

Refurb 

Cost 

New 

Cost 

Electrical  - Battery  No.  1 

.047 

,006 

.001 

.002 

.001 

.060 

.117 

63 

Power  Cont.No.2 

.124 

.012 

.011 

.006 

mjjm 

.264 

66 

(ea)'  Paddle  Dr.  No,3,4' 

.012 

.006 

.001 

.003 

.032 

.055 

46 

tea)! Solar  Paddle  No5,6 

- 

- 

- 

■I 

- 

— 

100 

CDPI  “ Data  Handling, 
tea)' No.  \2 

.280 

.014 

.012 

.003 

.008 

.056 

.373 

56 

Commun.  No.3 

.336 

.012 

.006 

.002 

.007 

.080 

.443 

50 

S&C  - Flight  Cont.No.l 

.453 

H 

H 

.006 

.616 

55 

Momentum  No.  2 

.129 

H 

n 

,006 

H 

.242 

48 

Attitude 

Control  '-2' 

.007 

.003 

.010 

.003 

.005 

.032 

.060 

43 

Exper.  - Photo  No.  1 

.124 

.080 

.016 

.016 

.013 

.252 

,501 

39 

TV  Camera  No.  2 

“ 



■ 

■ 

■ 

100 

COST  OF  MODULE/COMPONENT  REFURBISHMENT  - SEP 


Fig.  8-26 
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Subsystem/Mddole^ 

MODULES  REPLACED  & COST  ($  Million) 

End  of 
1st  Year 

End  of 
2nd  Year 

End  of 
3rd  Year 

End  of 
4th  Year 

End  of 
5th  Year 

Electrical  - Battery  No.  1 

.565 

.565 

.565 

.565 

.565 

Power  No.  2 

.244 

.244 

.244 

.244 

.244 

Solar  Array  (2) 

- 

- 

.736 

- 

- 

CDPl  - Computer  No.  1 

.372 

.372 

.372 

.372 

.372 

Commun.  No.  2 

.446 

.446 

.446 

.446 

.446 

S & C - Prim.  Att.  No.  1 

.569 

.569 

.569 

.569 

.569 

No.  2 

.569 

.569 

.569 

.569 

.569 

Sec.  Att.  No.  3 

.539 

.539 

.539 

.539 

.539 

Wheel  No.  4 

.379 

.379 

,379 

.379 

.379 

Attitude  Control  No.  1 

.088 

- 

.088 

- 

.088 

No.  2 

.088 

- 

.088 

- 

.088 

No.  3 

- 

.088 

- 

.088 

- 

No.  4 

- 

.088 

.088 

- 

Experiment  - Electron  No.  1 

.485 

.485 

.485 

.485 

.485 

Elec.  Mech.  No.  2 

.568 

.568 

.568 

.568 

.568 

Refurbished  OAO 

4.91  1 

4.91 

5.65 

4.91 

4.91 

New  OAO  (Ref.)  " 

ri5.8iy 

^ 15r8r 

n?;8r‘') 

is'rsr' 

15:8h 

TYPICAL  MODULE  REPLACEMENT  SCHEDULE  AND  COST  OF  REFURBISHMENT  FOR  LOW-COST  OAO 

(6“Year  Mission) 


A.  8-27 
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8. 4. 7. 2 Module  ReTDlacement  Scliedule  and  Costs  for  10-Year  SEP  Program. 

Similar  data  are  provided  on  Fig.  8-28  for  the  SEO.  The  SEO  modules  axe  re- 
placed at  2-year  intervals.  The  refurbished  SEO  costs  $3-54  million  (or  $4.07 
million  at  the  end  of  the  4th  and  8th  years)  as  compared  with  a new  SEO  cost 
of  $9.83  million. 

8. 4. 7. 3 Expendable  vs  Refurbished  Hardware  Costs.  A summary  was  made  of  the 
total  program  costs  for  hardware,  comparing  an  expendable  low-cost  payload  with 
a refurbished  low-cost  payload  (the  latter  is  Shuttle-launched  and  supported) . 
Figure  8-29  is  a tabulation  of  these  data.  For  a 6-year  OAO  program,  payload 
hardware  required  for  the  refurbished  approach  is  only  6l  percent  of  equivalent 
expendable  hardware  cost.  For  a 10-year  SEO  program,  the  refurbished  approach 
costs  only  51  percent  of  the  expendable  payload  approach.  Further  savings  are 
discussed  in  par.  8,4.7*^- 

8. 4. 7. 4 Overall  Program  Costs  with  Refurbishment.  Estimates  for  complete  pro- 
grams, including  launch  and  operations  costs,  have  been  estimated,  utilizing 
the  basic  cost  data  derived  in  the  bottom-up  cost  estimates  on  the  low-cost 
payloads  (see  Section  6 for  detail  cost  data).  The  summary  of  cost  savings 
for  the  low-cost  OAO,  cumulative  by  year  for  a 6-year  period,  are  tabulated 

in  Fig.  8-30,  The  totals  shcnj  a saving  of  $178.09  million  (about  50  percent) 
using  a Shuttle -supported  refurbished-payload  approach  in  lieu  of  expendable 
low-cost  OAOs  launched  on  low-cost  expendable  launch  vehicles . 

The  equivalent  data  for  a 10-year  SEO  progr^,  with  cumulative  figures  for  4, 

6,  8,  and  10  years;  are  tabulated  in  Fig.  8-31.  Here  again,  the  savings  of 
$360.87  million _f or  the  10-year  program  represent  a saving  of  about  50  percent 
for  the  Shuttle-supported  refurbished  SEO  approach. 

8. 4. 7. 5 Refurbishment  Ratio.  So  that  Aerospace  Corporation  could  apply  the 
refurbishment  principal  to  the  Mission  Model,  a general  refurbishment  ratio 
was  established  for  the  OAO  and  SEO  low-cost  payloadsr 
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MQDU,LE$.RERUCEaANDXQSI  ($  Million) 


Subsystem 


Electrical 


Communications, 
CO  Data  Processing, 
instrumentation 

Stabilization 
8c  Control 


Experiment 


Refurbished  SEO 


New  SEO  (Refurb.) 


End  of  2nd  Yr.  . End  of  4th  Yr. 


End  of  6th  Yr.  1 End  of  8th  Yr. 


$ 


.117 

.264 

.055 

.055 


.373 

.373 

.443 


.117 

.264 

.055 

.055 

.264 

.264 


3 

3 


.443 


.616 

.242 


.060 

.060 


.117 

.264 

.055 

.055 


.373 

.373 

.443 


.616 

.242 


.060 

.060 


.501 

.381 


a 


3.54 


r.83*^ 


.117 

.264 

.055 

.055 

.264 

.264 


373 
373 
.443 


.616 

.242 


4.07 


9:83* 


TYPICALMODULE  REPLACEMENT  SCHEDULE  AND  COSTOF  REFURBISHMENT  FOR  LOW-COST  SEO 


(10-Year  Mission) 

Fi^  8-28 
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Cost  Element 

6-Year  OAO  Program 

10-Year  SEO  Program 

Expendable 

Refurbished 

Expendable 

Refurbished 

Non-Recurring 

* 89.41 

$ 84.03 

$ 97.99 

$ 85.70 

Unit  Cost  - 
Delivered  Payloads 

114.84 

15.81 

234.56 

49.15 

Replacement  Modules  - 
New 

- 

0;74 

- 

2.48 

Hardware  for  Module/ 
Component  Refurb 

- 

15.60 

- 

28.96 

Hardware  Totals 
Refurb.  Costs 

$ 204.25 

$ 116.18 
8.96 

$ 332.55 

$ 166.29 
29.44 

Program  Totals 

$ 204.25 

$ 125.14 

$ 332.55 

$ 195.73 

Fig.  8-29  Expendable  vs  Refurbished  Low-Cost  Payload  Costs  ($  Million) 
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COST  ELEMENTS 

J 

i 

EXPENDABLr($  MILLION) 

S-P ACE  SHUTTLE  ($M'ILLI0N> 

Length  of  Program 

Length  of  Program 

I Yr. 

2Yr. 

3Yr. 

4Yr. 

5Yr. 

6Yr. 

lYr. 

2Yr. 

3 Yr. 

4Yr. 

— 
5 Yr. 

6 Yr. 

Non-Recurring  Cost 

89.41 

89.41 

89.41 

89.41 

89.41 

89.41 

84.03 

84.03 

84.03 

84.03 

84.03 

84.03 

I Unit  Cost 

19.14 

38.28 

57.42 

76.56 

95.70 

114.84 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

Operations  Cost 

. 6.67 

13.34 

20.01 

26.68 

33.35 

40.02 

5.35 

10.49 

15.63 

20.77 

25.91 

31.05 

Launch  Cost 

18.00 

36.00 

54.00 

72.00 

90.00 

108.00 

3.00 

6.00 

9.00 

12.00 

15.00 

18.00 

j Module  Refurbishment 

- 

- 

- 

- 

- 

- 

4.91 

9.82 

15.47 

20.38 

25.29 

TOTALS 

133.22 

177.03 

220.84 

264.65 

308.46 

■■m 

108.19 

121.24 

134.29 

148.08 

161.13 

Savings 

25.03 

55.79 

86.55 

116.57 

147.33 

— 

TfsM 

» $0.18  launch  operations  and  $0.03  transport  saved  on  not 
^ handling  total  payload;  $5.14  million  recurring  op^. 


‘SAVINGS  (COiVlULATlVE)^WITH-REFURB1SHIV\ENT-ONtOW^COSTOAO‘t6^Y£A’R’PROGRAM) 
(Including  Benefits  of  Moduie/Component  Ground  Refurbishment) 

Fig.  8-30 


o 

\D 

VO 

o 

VJl 

ov 
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Expendable-Launched  ($  Million) 

Shuttle-Launched  ($  Million) 

Cost  Elements 

Length  of  Program 

Length  of  Program 

4Yrs. 

6 Yrs. 

8 Yrs. 

10  Yrs. 

4 Yrs. 

6 Yrs. 

8 Yrs. 

Non-Recurring  Cost 

97.99 

97.99 

97.99 

97.99 

85.70 

85.70 

85.70 

85.70 

Unit  Cost  of  Payloads 

100.52 

145.20 

189.88 

234.56 

49.15 

49.15 

49.15 

49. 1^ 

(incl.  1 backup  unit) 

Launch  Cost 

127.20 

190,80 

254.40 

318.00 

40.80 

61.20 

81.60 

102.00 

Operations  Cost 

27.12 

40.68 

54.24 

67.80 

23.90 

35.85 

47.80 

59.75 

1 

Module  Replacement 

(Cumulative)  (inc. 

mu 

14.16 

30.44 

44.60 

60.88 

savings  by  refurb  of 

modules  & components) 

Totals 

352.83 

474.67 

596.51 

213.71 

262.34 

308.85 

Savings 

139.12 

212.33 

287.66 

SAVINGS  WITH  PAYLOAD  AND  MODULE/COMPONENT  REFURBISHMENT  ON  2-YR.  SEP 


Fig.  8-31 
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OAO  - at  1-Year  Cycle 


Refar~b  OAO  ^ $5.06M 

Hew  OAo  $15.81M 


.325 


SEP  - at  2-yeax  Cycle 

Refurb  SEP  ^ l3-8byi 
Hew  SEP  $9 .83  M 


.390 


8.5  EEEBCa?S  PF  MJLanPLE  FAYIPADS 

A large  portion  of  the  payloads  in  the  HASA  mission  model  do  not  require  the 
full  performance  capability  or  available  cargo  volume  provided  by  the  shuttle 
or  the  LCE,  while  many  missions  require  a Tug  or  propulsive  stage  to  achieve 
the  required  operational  orbit.  Thus,  many  flights  will  carry  more  than  one 
payload,  either  multiple  payloads  of  the  same  program,  payload/Tug  combinations, 
or  a group  of  payloads  from  different  projects  and  possibly  to  differing 
destinations.  Ttie  nature  of  on-board  checkout,  the  capability  of  Shuttle  crew 
to  perform  payload -related  activities  within  certain  time  constraints,  and  the 
safety  requirements  ingjosed  upon  active  payload  and  propulsion  stage  components 
must  all  be  considered  in  developing  operational  requirements  for  multiple 
payloads.  Only  a cursory  study  was  done  of  the  multiple -payload  implications. 

8.5.1  Sharing  of  launch  Vehicle  Cost  and  Volume 

It  has  been  fairly  common  for  espendable  launches  to  carry  secondary  p^ayloads 
when  excess  performance  was  available.  Such  payloads  usually  were  givpn  a 
"free"  ride  on  a non-interference  basis,  and  the  payload  project  provided 
their  own  adapters,  checkout  gear  and  launch  support  equipment.  Communications 
satellites  are  good  exaitples  of  multiple  "common"  payloads,  with  as  many  as 
eight  carried  on  a single  launch,  and  with  a customized  "dispenser"  integrated 
with  the  upper  stage.  The  Shuttle's  large  cargo  hay  provides  volme  for  more 
than  one  payload,  and  the  single  payload  may  be  the  exception  rather  than  the 
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rule.  The  low-cost  OAO,  for  example,  with  a payload  checkout  set  installed  in 
the  shuttle,  occupies  only  half  the  cargo  bay  length  and  uses  less  than  half 
the  load  capacity  (AEES  in)  or  less  than  a quarter  the  capacity  (ABES  out)  to 
the  ^5  niti  (T50  km)  35°  orbit.  This  excess  capacity  may  be  used  to  carry  other 
payloads,  to  use  a less -than  optimum  (perhaps  standardized)  trajectory,  to 
make  plane  changes,  or  to  retrieve  and  return-  a defunct  payload  after  completing 
the  primary  mission.  Alternatively,  there  might  be  a non-deployed  payload 
installed  and  operated  in  the  sortie  mode  for  up  to  seven  days,  at  no  additional 
launch  cost.  Utilizing  this  potential  excess  capacity  is  one  way  to  achieve 
additional  benefit  from  shuttle  launches,  but  obviously  involves  long-range 
planning  and  funding  and  considerable  flexibility  in  operations;  therefore, 
making  the  prime  payloads  low  cost  is  the  principal  recommended  method  for 
achieving  firm  cost  savings. 

8.5.2  Multiple  Payloads  for  Syneq  Missions 

Payloads  destined  for  synchronous  orbits,  such  as  the  SEO,  come  closer  to 
utilizing  full  shuttle  projected  capacity,  but  even  these  types  of  missions 
may  be  expected  to  have  appreciable  excess  to  place  ancillary  payloads  into 
BEO  or  even  take'  several  hundred  poxinds  to  synchronous  altitudes.  Section 
3.^.2  provides  data  on  some  of  the  tug  options;  if  the  largest  tug  were  used 
with  the  3127  It  (1^18  kg)  SEO,  an  additional  payload  of  483  lb  (193  kg) 
co\3ld  be  carried  on  the  roimd  trip  mission. 

8.5.3  Shuttle  Operational  Interfaces  with  Multiple  Payloads 


The  mechanical  installation  of  a payload  and  a Tug  in  a shuttle  is  illustrated 
in  Fig.  2-46,  paragraph  2.5.2.  Not  shown  and  more  difficult  to  visualize  is 
the  servicing  and  checkout  provisions  for  the  tug.  The  power,  instrumentation, 
command  and  data  interfaces  for  the  tug  could  be  handled  exactly  as  described 
for  the  SEO,  with  a dedicated  payload  checkout  set  for  each;  with  good  coordin- 
ation of  design,  and  with  the  use  of  additional  plug-in  units,  one  checkout 
set  can  probably  accommodate  both.  Pre-launch  servicing,  on  the  launch  stand, 
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is  qvd.te  siinple  for  the  SEO,  hut  the  tug  must  he  chilled  down  and  perhaps 
60,000  pounds  (27,000  kg)  of  LHg/K)^  must  he  loaded  within  a few  minutes  in 
an  o;^eration  closely  dovetailed  with  the  loading  of  perhaps  fifty  times  4;hat 
much  into  the  shuttle.  Propellant  fill,  dump  and  vent  provisions  must  he 
made  for  on  pad  servicing  or  abort  and  dun^  provisions  are  required  of  the 
payldad  hy  shuttle  in  the  event  of  an  ascent  or  on-orhit  abort.  The  detailed 
meth(^ds  for  satisfying  this  requirement,  and  the  relationship  of  the  deployment 
mechanism  to  the  servicing  connections  is  a topic  requiring  more  investigation 
than  Vas  within  the  scope  of  this  study. 

8.5.^  Orbit  Deployment  Considerations 

If  a number  of  similar  discrete  payloads  are  to  he  checked  out  and  deployed  in 
the  Same  general  orbit  plane,  they  could  obviously  he:  (l)  mounted  on  a 

dispenser  rack  which,  in  turn,  would  he  installed  upon  the  deployment  mefchanism 
supplied  with  the  shuttle,  or  (2)  mounted  on  separate  deployment  mechanisms. 

If  the  payloads  are  from  different  contractors  or  agencies,  the  former  approach 
would  require  considerable  integration  and  the  building  of  a special  dispenser. 
A basic  alternate  ai^roach  mi^t  be  to  use  suited  crewmen,  operating  IVA,  to 
assist  in  deployment,  using  a single  deployment  mechanism  and  taking  advantage 
of  multiple  payload  hold-down  provisions  for  securing  the  payloads  during 
ascent  or  return.  While  offering  potentially  more  variety,  this  multiple- 
payload  cargo  mix  is  expected  to  prove  easier  to  handle  than  the  payload/ 
propulsion  stage  combination. 
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Section  9 

LOW-COST  PAHOAL  IlffEEFACSS  WITH  GEOUWD  A5ID  5LIGHT  OEERATIOWS 


Groond  or  Launch  Operations  and  the  'ground  Flight  Operations  are  recurring- 
cost  operations  that  can  he  very  substantial  for  long-duration  flints  or  for 
low  launch  rates  spread  over  a long  time  span.  The  design  of  the  spacecraft 
and  experiment  systems  has  a significant  effect  upon  the  support  costs;  with 
many  trades  possible  between  on-board  complexity  vs  ground  decision-making  and 
control,  and  between  EnC8sE  and  Operations  costs.  Because  of  project  phasing 
and  interrelationships,  shared  usage  of  launch,  tracking  and  data  acquisition 
facilities,  mission  windows  and  priorities,  orbit  altitudes  and  inclinations, 
etc.,  the  system  decisions  are  compromises  between  independent  payload  system 
optimizations  and  integration  of  the  payload  system  into  the  total  space  pro- 
gram. Payload  interfaces,  then,  depend  upon  many  factors  — physical,  func- 
tional, political,  geographical,  temporal  and  procedural.  The  approach  for 
this  study,  to  put  reasonable  bounds  upon  the  scope,  was  to  examine  three  types 
of  payloads,  each  a derivative  of  a historical  program,  with  appropriate  modi- 
fications representative  of  197O  technology,  and  the  HASA  I978-I99O  Mission 
Model.  The  launch  site  was  assumed  to  be  at  KSC  for  either  the  space  shuttle 
transportation  system  or  the  expendable  launch  vehicles.  Communications, 
tracking  and  data  acquisition,  by  design,  are  within  the  capabilities  of  MSCOM 
STADAN  orMSFN  and  are  provided  by  the  MSA  Office  of  Tracking  and  Data  Acqui- 
sition at  no  direct  charge  to  the  user,  (it  is  recognized,  of  course,  that  de- 
sign of  a payload  system  that  imposes  heayy  loads  on  the  networks,  such  as  eon- 
timous  coverage,  very  high  data  rates  and  volumes,  special  groTund  station  sitei 
or  requirements  for  an  Orbital  Data  Relay  System,  coxild  result  in  the  need  for 
increased  OTDA  budgetary  outlays,  and  the  temptation  to  optimize  payload  prograj 
costs  at  the  expense  of  other  system  elements  must  be  thoroughly  evaluated.) 

This  section  describes  the  interfaces  between  the  low-cost  payloads  (described 
in  detail  in  Section  5)  and  the  ground  and  fli^t  networks.  The  payload  check 
out  set  referred  to  is  described  in  Section  8 of  the  report. 
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9.1  LAUNCH  OEEBATIOCTS 


Ground  operations,  for  the  purposes  of  this  study,  coiranence  with  the  shipment 
to  the  launch  hase  of  a payload  or  payloads  that  have  been  accepted  by  the 
government  as  complete,  fli^t-qualified  systems.  Each  payload  is  not  neces- 
sarily ccaaplete  at  this  time,  but  the  integration  has  been  accomplished  and 
proper  functioning  demonstrated;  quite  often  flight  batteries,  pyrotechnics 
and  kick  motors,  solar  arrays  and  other  bulky,  odd-shaped  or  otherwise  diffi- 
cult -to-handle  appendages  may  be  shipped  separately  or  drop-shipped  from  ven- 
dors or  subcontractors  direct  to  the  launch  base.  Logistics  supplies  and  spares, 
including  spare  payload  modules,  all  ready  for  use,  may  be  concurrently  or  sep- 
arately shipped,  so  that  they  are  available  to  support  the  launch  operations. 

At  the  latinch  base  each  shipment  is  received,  inspected  for  condition  and  iden- 
tification, stored  or  moved  to  an  assembly  and  checkout  area.  Installation  of 
soiar  arrays,  fli^t  batteries,  pyrotechnics,  etc.,  and  verification  of  fli^t 
readiness  is  completed  prior  to  mating  operations. 

9.1.1  Pre-Launch  Operations  with  the  Space  Shuttle 

The  use  of  Shuttle  as  the  launch  vehicle  considerably  simplifies  payload  launch 
operations  because  of  the  standardized  interfaces  and  the  assumption  that  the 
Shuttle  is  a "common  carrier"  that  delivers  cargo  into  the  desired  orbit.  There 
is  no  payload  fairing  that  must  be  separated  during  ascent  and  the  payload  health 
status  can  be  determined  before  deployment  under  direct  observation  and  control 
of  the  Shuttle  crew.  This  leads  to  a reduction  in  the  required  assembly,  mating 
and  testing  activities  at  the  launch  base,  and  the  consequent  shortening  of  the 
time  the  payload  spends  at  the  launch  base  before  launch. 

For  a Space  Shuttle  launch,  the  payload  (together  with  a flight  worthiness  cer- 
tificate) is  transferred  to  the  Shuttle  maintenance/assembly  facility  about 
fifteen  work  shifts  (i.e.,  five  to  fifteen  days)  before  launch,  for  pre-mate 
readiness  checks  and  loading  into  the  orbiter  cargo  bay.  Payload/orbiter  com- 
bined systems  teats,  including  EMI  conpatibility,  and  cargo  bay  closeout  should 
be  completed  before  start  of  shift  "-10",  as  shown  in  Fig.  9-I.  This  schedule 
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has  been  extrapolated  from  the  MSA/KSC  LC  39  Space  Shuttle  Test  BLan,  TE-IO78, 
U Uov  1970.  Sixteen  hours  have  been  added  to  the  KSC  sehednle  to  permit  com- 
bined systems  tests,  primarily  to  assure  EMI/RFI  compatibility,  acceptability 
and  data  bus  interface,  and  to  allow  for  loading  attitude  control  gas,  clean- 
ing and  closeout  of  the  cargo  compartment.  On  the  launch  pad,  provisions  are 
made  for  a two-hour  period  just  prior  to  the  Shuttle  countdown  preparat,ion, 
during  which  the  payload  may  be  checked  out  through  the  Shuttle  data  hus  inter- 
face. The  payload  is  inactive  or  in  standby  condition,  with  controlled  envir- 
onment, but  unavailable  to  the  payload  project,  tmtil  late  in  the  "-3"  shift, 
when  a portion  of  the  Shuttle  avionics  checks  may  be  devoted  to  interrqgating 
the  payload  or  verifying  payload  continued  readiness.  Any  payload  activities 
required  during  the  countdovm  preparations  and  final  (2  hour)  coruntdown  will 
he  accomplished  by  the  Shuttle  on-board  systems  and  crew.  The  passive  safety 
monitoring  of  flight-safety  critical  payload  parameters  and  cargo  bay  conditions 
is  accomplished  by  the  Shuttle  orhiter  on-board  checkout  and  data  management 
system,  with  the  summary  results  available  required  to  the  Shuttle  control 
center  for  information. 

9.1.2  Pre-Launch  Operations  with  Expendable  Launch  Vehicles 

Combined  operations  for  the  case  of  a low-cost  expendable  launch  vehicle  differ 
from  those  described  above  irimarily  in  location  and  timing  of  the  activities 
and  in  greater  direct  launch  support  requirements  from  the  payload  program. 

The  booster-adapter  and  payload  fairing  (assumed  to  be  standard  for  the  partic- 
ular launch  vehicle,  hence  GPE)  are  normally  installed  on  the  payload  in  the 
payload  processing  facility.  The  exception  to  this  will  occur  with  th,e  new 
long  Centaur  fairing  where  the  fairing  covers  both  the  payload  and  the  Centaur 
upper  stage.  In  this  case,  the  fairing  will  be  installed  after  the  payload  has 
be§n  mated  to  the  Centaur. 

The  combined  package  is  transported  direct  to  the  launch  pad  for  mating  to  the 
launch  vehicle.  The  timing  is  about  the  same,  approximately  two  weeks  (l4  or 
15  work  shifts)  before  launch.  However,  the  mating,  interface  compatibility 
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verification,  EMI,  and  Joint  Plight  Acceptance  Composite  Tests  are  done  at  the 
pad,  interspersed  with  all  the  checkout  and  preparations  for  the  launch  vehicle. 
Limited  open -loop  RP  radiation  is  permitted,  so  primary  control  and  checkout  of 
the  payload  is  accomplished  through  a payload  umbilical  system  and  payload 
ground  support  and  checkout  equipment  located  on  the  service  structure,  in  vans, 
or  at  a remote  control  center.  In  this  mode  Payload  Operations  are  more  exten- 
sive, extending  up  to  liftoff,  and  involve  a relatively  large  crew  of  engineer- 
ing and  technician  specialists  capable  of  rapid  detailed  analysis  and  corrective 
action  to  avoid  launch  delays.  Access  to  the  payload  is  limited  once  the  pay- 
load  fairing  has  been  installed  and  module  replacement  requires  at  least  partial 
fairing  removal,  and  in  some  cases  could  require  de-mating  of  the  payload  from 
the  launch  vehicle.  Pollowing  customary  practice,  the  p^load  program  would 
supply  the  air  conditioning,  power  and  pressurization  equipment  to  maintain  the 
payload  at  least  until  terminal  countdown  commences. 

The  net  effect,  then,  of  an  expendable  launch  is  that  more  support  equipment 
and  a larger  launch  operations  crevr  is  required  for  the  payload  than  with  the 
Shuttle.  The  payload  activity  span  is  also  longer,  hut  this  has  negligible 
additional  effect  upon  cost  since  the  payload  crew  TOuld  be  kept  available  un- 
til liftoff  in  either  case. 

9.1.3  Low-Cost  OAO-B  Launch  Operations 

9. 1.3. 1 Shuttle  Launched  OAO.  For  a shuttle  launch  it  is  assumed  the  shuttle 
operations  are  independent  of  the  payload  program  except  for  the  initial  pay- 
load  mating  and  pre-launch  compatibility  testing.  The  OAO-B  payload  would  be 
shipped  by  air  (Guppy-type  aircraft)  in  a launch-ready  condition,  fully  assem- 
bled, checked-out,  and  accepted,  at  least  one  month  before  scheduled  launch. 

(Por  the  first  flight  of  the  QJTV  two  months  will  he  required  for  pre-launch 
familiarization  and  activities.)  A standard  payload  test  set  accoiopanies  the 
payload  to  the  payload  servicing  area,  either  part  of  the  Shuttle  facility  or 
a separate  facility.  Here,  the  payload  is  inspected  for  shipping  damage, 
tested,  alignment  checked,  and  cleaned.  Shuttle  mounting  provisions  and  inter- 
faces, procedures  and  schedules  are  verified.  At  the  scheduled  time  the  payload 
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is  taoved  to  the  Shuttle  loading  area,  interfaces  are  verified,  and  the  payload 
is  installed  into  the  Shuttle  cargo  bay.  Payload/ Shuttle  combined  system  tests 
are  conducted  to  verify  compatibility,  with  particular  eji5)hasis  upon  iSMi/EPl. 

The  payload  now  becomes  quiescent  while  Shuttle  launch  preparations  continue. 
After  Shuttle  is  rolled  out  to  the  la\mch  pad  and  installed  thereon,  perhaps  3 
days  to  two  weeks  from  payload  loading,  a launch  servicing  and  countdown  cycle 
coirttnences . Early  in  this  cycle  a limited  time,  probably  less  than  two  hours, 
will  be  allocated  to  a payload  flight  readiness  verification.  This  corresponds 
to  the  OAO  "aliveness"  test.  The  payload  launch  crew,  except  for  a small  launch 
base  cadre,  is  made  up  of  project,  subsystem  and  test  personnel  who  have  parti- 
cipated in  the  assembly  and  system  testing  and  have  followed  the  "launch-ready" 
payload  to  the  launch  base.  Payload  health  status  is  monitored  through  the 
Shuttle  data  bus  and  communications  system  except  during  Shuttle  propellant 
loading,  beginning  at  T-2  hours,  during  which  all  systems  not  involved  in  pro- 
pellant loading  are  secured.  Upon  Shuttle  liftoff  the  launch  operations  phase 
for  the  payload  is  considered  completed. 

The  launch  operations  crew  for  the  low-cost  OAO  is  sized  to  provide  on-the-spot 
capability  for  analysis,  evaluation  and  correction  of  anomalies  or  contingency 
operations,  in  addition  to  the  routine  verification,  test  and  interface  func- 
tions. This  is  considered  conservative,  since  real-time  communications  with 
the  test  and  integration  facility  and  the  OAO  control  center  make  available  a 
lai’ge  reservoir  of  specialists  and  access  to  the  project  data  banks. 

The  payload  launch  base  personnel  cadre,  supplemented  if  necessary  by  special- 
ists from  the  project  office,  axe  expected  to  be  able  to  handle  logistics  mis- 
sions involving  Shuttle  maintenance  missions  for  replacement  of  complete  mod- 
ules in  the  low  cost  OAO  or  recovery  and  return  from  orbit.  Eet\irned  modules 
or  payloads  would  be  shipped  to  the  field  depot  facility  for  refurbishment, 
analysis  or  disposition. 

9. 1.3. 2 Expendable-Launched  OAO.  If  the  low-cost  OAO-B  is  to  be  launched  from 
an  expendable  vehicle,  the  TIII-L2  is  to  be  used;  in  this  case  there  would  be 
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no  preliminary  fli^t,  and  more  extensive  ground  qualification  testing 
would  be  required.  Activation  of  payload  operations  at  the  launch  site,  ex- 
cept for  liaison  planning  and  technical  integration,  may  then  be  delayed  until 

1 

about  two  months  before  the  scheduled  launch.  On-pad  buildup  of  the  launch 
vehicle  (or  at  least  of  the  mating  of  the  payload  to  it)  is  assumed',  and  the 
general  discussion  in  9*1 -2  applies.  Because  this  is  a one-fli^t  program 
(baseline) ! without  opportunity  for  orbit  pre-deploynent  checkout  or  return  of 
the  payload  from  orbit  for  diagnosis,  testing  will  be  more  rigorous,  with 
titter  limits,  repeated  more  often,  and  results  of  each  test  compared  to  pre- 
vious tests  for  trend  analysis.  The  use  of  a standard  payload  test  set  is 
hi^ly  desirable  as  it  helps  Insure  consistency  in  test  methods,  procedures 
and  equipment,  and  is  essential  for  valid  fault  analysis  trend  data  and  high 
confidence'.  All  payload  activities  subsequent  to  the  start  of  mating  opera- 

I 

tions  must j be  closely  dovetailed  to  the  countdown  schedule,  which  will  allo- 
cate time  periods  for  payload  activities,  for  RF  silence  or  radiation,  for 
Joint  testing,  and  for  coEiplete  exclusion  of  payload  personnel  from  the  launch 
pad.  Actiirities  during  the  pad  operations  phase  are  usually  scheduled  aroymd 
the  clock,  I so  that  the  payload  crew  must  he  large  enou^  to  provide  this  kind 

j 

of  coverage  during  the  week  to  ten  days  the  combined  vehicle  is  on  the  pad. 

In  this  respect,  launch  operations  for  the  low-cost  OAO-B  do  not  differ  mark- 
edly from  ■those  for  the  baseline  OAO-B,  launched  on  an  Atlas-Centaur;  the  pri- 
mary gain  is  sisipler  checkout  because  of  the  greater  autonony  provided  by  the 
on-board  computer  in  the  low-cost  OAO  payload. 

I 

9.1.^  Synchronous  Equatorial  Orhiter  (SEO)  Launch  Operations 

9. 1.4.1  Shuttle -Launched  SEO.  The  SEO  mission  plan  requires  each  satellite 
to  be  delivered  to  a synchronous  equatorial  orbit  station  at  a preselected 
longitude  in  cn*der  to  provide  the  required  earth  coverage  for  the  mission. 

The  combination  of  a Space  Shuttle  and  reusable  Space  Tug  satisfies  the  place- 
ment requirements  in  an  economical  manner  provided  the  Tug  has  sufficient  per- 
formance for  round-trip  placement  and  retrieval;  this  means  replacing  and  re- 
trieving a malfunctioning  SEO  for  refurbishment  .as  well  as  the  initial  SEO 
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placement  on  station.  Shuttle  and  Tug  operations  axe  independent  of  the  SEO 
program  operations  except  during  the  "brief  pre-launch  joint  flight  acceptance 
composite  tests  (j-FACTS)  and  the  coordination  during  on-orhit  tests  with  the 
Shuttle  orhiter  prior  to  separation.  The  use  of  a Standard  Payload.  Test 
Set  installed  in  the  Orhiter  cargo  hay  to  checfe  out  hoth  the  Tug  and  the  SEO 
requires  that  hoth  he  designed  with  this  capability  as  a firm  requirement;  the 
versatility  and  cost  advantages  are  such  that  this  requirement  should  he  con- 
sidered valid. 

Five  SEO  spacecraft  are  provided  for  a U-station  system.  Following  the  Lunar 
Orhiter  precedent,  a hackup  launch-rea(3y  spacecraft  is  required  for  each  initial- 
placement  launch.  Should  schedules  prove  too  ti^t,  this  requirement  could  he  . 
waived,  thus  gaining  two  months  for  the  manufacturing,  integration  and  test  ac- 
tivities. Because  of  the  repetitive  launches  and  the  need  for  maintaining 
readiness  for  replacements,  the  launch  operations  activity  for  SEO  is  planned 

to  continue  for  the  program  duration, 
i 

The  SEO  satellite  is  air-shipped  from  the  manufacturing/ integration  facility  to 

KSC  in  a nearly  launch-ready  condition  approximately  six  weeks  before  scheduled 

launch.  For  convenience  in  handling,  the  solar  arrays  are  shipped  separately. 

Upon  arrival  each  SEO  is  inspected  for  possible  shipping  or  handling  damage. 

After  completion  of  solar  array  and  hattery  installation  and  expendables  load- 

ing  and  after  complete  integrated  system  tests,  the  camera  module  is  removed, 

✓ 

loaded  with  fresh  film  and  himat,  and  reinstalled.  The  SEO  is  then  moved  to 
the  Shuttle  Payload  Facility  and  mated  to  the  Tug.  Interface  compatibility  and 
EMI/BFI  tests  verify  the  joint  operation  of  this  combination  and  readiness  for 
loading  into  the  Shuttle  Orhiter.  Approximately  15  days  (based  on  one  shift 
per  day  operation)  before  launch  the  payload/Tug  is  moved  to  the  Shuttle  load- 
ing area.  Interfaces  are  reverified,  the  payload/Tug  is  loaded  into  the  hori- 
zontal Orhiter,  and  complete  interface,  EMI/RFI  and  joint  fli^t  acceptance 
composite  tests  are  performed.  The  Orhiter  is  then  moved  to  the  VAB,  erected, 
and  mated  to  its  Booster  on  the  launcher.  The  complete  vehicle  is  then  trans- 
ported to  the  launch  pad,  umhilicals  are  installed  and  final  avionics  opera- 
tional tesj;s  are  performed,  and  countdown  preparations  are  completed.  Luring 
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the  final  few  hours  of  countdown  the  Shuttle  and  lug  are  loaded  with  propel- 

I 

lants,  whilj.e  the  payload  is  in  a standby  mode  with  continuous  safety  monitor- 
ing by  the ' Shuttle  on-board  checkout  systems . 

The  GSE  required  to  support  launch  operations  should  be  copies  of  equipment 
used  for  factory  handling,  integration  and  test.  The  use  of  a GPE  standard 
Payload  Test  Set  (or  a program- supplied  equivalent)  is  assumed.  In  addition, 
the  following  is  a typical  GSE  List: 

2 Vehicle  Handling  Dolly 

1 Solar  Array  Handling  & Installation  Fixture 

2 Vehicle  Transporter  (may  cycle  to  factory  for  new  SEO) 

1 Photo  Module  Handling  & Installation  Fixture 

1 Set  of  Work  Stands 

1 Photo  Module  Transportation  & Storage  Unit  (4  in  pipeline) 

4 Equipment  Module  Transportation  & Storage  Unit  (6  in  pipeline) 

4 Solar  Array  Transportation  & Storage  Unit  (4  in  pipeline) 

1 Mieropositioning  Hoist  Unit 
1 Gas  Pressurization  Unit 
1 Display,  Control  and  Timing  System 
1 Wideband  Video 'fape -Recorder 
1 Set  of  Test  Cables 
1 Set  of  Slings  & Spreaders 

The  combined  launch  operations  for  SEO  differ  from  those  described  for  OAO  in 
that  the  Tug  is  an  extra  element  in  the  system.  Figure  9~2j  prepared  on  the 
same  basis  as  Fig.  9-1,  shows  a launch  timeline  for  a shuttle -launched  SEO. 

9. 1.4. 2 Expendable -Launched  SEO.  The  low-cost  SEO  may  also  be  deployed  by 
an  expendable  launch  vehicle  such  as  the  Titan  HID/In^roved  Centaur  providing 
the  Centaur  is  capable  of  a triple-burn,  long  coast  mission  necessary  to  place 
the  SEO  into  circular  equatorial  orbit  at  the  assigned  longitude  for  each  sat- 
ellite. Since  the  four  satellites  are  asstimed  equally  spaced,  this  means  long 
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waits  iu  LEO  or  several  revolutions  in  a 10. 5 hour  transfer  orhit  to  achieve 
some  stations.  The  lovr-cost  SEO  does  not  have  propulsion  capahility  for  in- 
jection or  station  change.  The  driifc  mode  for  achieving  the  desired  location 
is  not  provided  in  the  assumed  mission  plan;  the  Shuttle/Tug  provides  precise 
station  placement.  As  with. Shuttle,  the  payload  launch  operations  are  not  so 
much  affected  by  the  particular  vehicle  configuration  or  upper  stage  selection 
as  they  are  hy  the  hulldup  and  launch  timelines.  If  the  use  of  a Centaur 
Standard  Payload  Fairing  is  assumed,  the  discussion  on  expendable  launched  OAO 
apply  to  the  SEO  as  well.  It  should  be  noted  that  one  interface  is  eliminated, 
namely  the  I SEO-Shuttle,  while  the  SEO-Tug  interface  is  equivalent  to  the  SEO- 
Centaur  interface  for  the  expendable  system. 

9.1*5  Small  Research  Satellite  (SRS)  Launch  Operations 

The  SES  is  intended  as  a secondary  payload,  carried  on  a Shuttle  flight  for 
which  the  primary  mission  does  not  require  all  the  Shuttle  capability.  The 
HEGcLO  mission  (described  in  Section  3)  was  used  as  the  SRS  baseline;  this  re- 
quires continuous  observation  in  a polar,  eccentric  sun- synchronous  orbit  for 
a period  of  one  year  or  more. 

A Shuttle  launch  would  carry  three  satellites  into  a nominal  100  nm  (185  ]nn) 
parking  orhit,  checkout  two  Cor  ascent  survival,  using  the  third  (a  spare)  as 
a replacement  if  necessary;  Shuttle  would  then  restart  and  inject  into  a 100 
X 150  nm  (185  km  x 278  km)  transfer  orhit,  with  proper  timing  to  provide  a 
noon  "liner  of -nodes"  when  the  SRSs  are  dispensed  at  apogee.  The  SRS  is  spun 
up  by  integral  spin  rockets  and  its  solid  rocket  motor  is  fired  to  place  it 
in  a 150  XI  275  imi  (278  x 509  km)  orbit.  The  second  SRS  is  also  placed  in  or- 
bit, after  checkout,  in  a passive  storage  mode  until  required  to  replace  the_ 
first  one.  Launch  operations  are  similar  to  those  described  for  the  Shuttle- 
launched  low-cost  OAO,  though  much  sin^lified  and  dovetailed  with  the  primary 
mission  cargo  loading  operations;  no  direct  participation  hy  the  SRS  program 
perscamel  is  assumed  after  delivery  of  the  fli^t-ready  SRS  to  the  Shuttle 
loading  area. 
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The  Icw-cost  SRS  may  also  he  launched  hy  an  expendable  such  as  the  3 Se^ent 
SEM/Titan  Core  Il/Agena  (LCE)  or  the  SLV-3C/Burner  II.  Two  SRS  would  be.  car- 
ried, although  the  LCE  has  the  capability  for  four.  As  with  the  Shuttle, 
launch  is  assumed  GEE.  The  launch  vehicle  adapter  rack  is  supplied  with  the 
payloads,  and  mating  occurs  at  the  launch  pad,  very  similar  to  the  expendable- 
launched  OAO, 

9.2  ELIGHT  ORERATIORS 

Liftoff  normally  marks  the  commencement  of  flight  operations  for  an  expendable- 
launched  payload,  but  with  a Shuttle  launch  they  may  be  deferred  until  the 
Shuttle  is  in  orbit  and  is  preparing  for  payload  deployment.  Itirther,  if  the 
Shuttle  carries  an  onboard  payload  test  set,  the  ground-based  flight  operation 
may  take  over  control  of  an  "operational"  satellite  instead  of  having  to  pro- 
vide peak  resources  to  initialize  and  thoroughly  checkout  all  modes  of  operar 
tion.  Assuming  the  same  degree  of  autonomy  and  the  same  "station"’  locations, 
this  launch  and  initial  checkout  represent  the  prime  differences  between  fli^t 
operations  for  the  two  ts^pes  of  launch  systems;  a recovery  mode,  applicable  to 
some  Shuttle -launched  payloads,  does,  of  course,  add  to  the  rendezvous,  docking _ 
and  safing. operations  which,  optionally,  may  be  under  either  ^ound-  or  shuttle- 
controlled  L 

9.2.1  Low-Cost  OAO-B  Rlipjit  Operations 

Preparations  for  fli^t  operaticaas  of  the  low-cost  OAO  payload  are  scheduled 
to  commence  approximately  I6  months  before  the  scheduled  first  launch  ("the  QTV 
flight)  with  planning  and  scheduling  activities,  establishment  of  requirements 
and  coordinaticai  with  similar  functions  of  the  Office  of  Tracking  and  Data  Ac- 
qpiisition  (OI&DA).  The  basic  plan  is  patterned  after  0A0-A2  operation  plans,, 
modified  by  the  technology  growth  and  changes  in  the  low-cost  OAO  fli^t  sys- 
tem. Use  of  the  OAO  control  center,  SPCS,  HASCOM  and  STADAH  is  postulated; 
the  same  EF  channels  have  been  selected,  but  command  and  telemet3:y  formats 
differ.  The  incorporation  of  an  on-board  computer  in  the  new  low-cost  OAO 
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design  materially  decreases  the  amoiont  of  SOPS  detail  computation  and  pre- 
planning that  must  go  into  formulation  of  command  messages.  The  simpler  and 
fewer  command  messages  and  the  ability  of  the  payload,  to  store  up  to  two  days' 
worth  of  commands  decreases  the  up-traffic  throng  MSCOM  and  STADAIT  so  that 
continued  use  of  all  the  five  stations  currently  supporting  OAO  is  not  required. 
This  permits  scheduling  the  use  of  these  stations  to  support  more  other  programs 
than  currently  possible.  (Alternatively,  it  might  permit  economies  by  reducing 
the  scheduled  support  from  some  of  the  remote  stations  to  a one-shift  basis  if 
OAO  were  the  sole  user,  a situation  not  presently  true.)  Only  software  changes 
are  required  for  the  remote  station  support  of  lo^v-cost  OAO,  as  the  basic  design, 
restrictions  provide  for  a system  compatible  with  the  Shuttle  avionics,  standard 
ized  payload  test  set  and  STADAU.  Because  tracking  and  data  acquisition  during 
the  Shuttle  ascent  phase  is  not  a responsibility  of  the  payload  project  and  be- 
cause the  payload  may  be  checked  out  on  board  the  Shuttle  before  deployment, 
and  checked  out  with  the  ground  stations  before  separation,  much  of  the  risk 
and  high  peak  load  upon  fli^t  operations  during  the  first  two  weeks  of  fli^t 
is  eliminated.  Assuming  that  the  control  center  will  continue  to  be  required 
to  operate  2h  hours  a day,  a basic  staff  of  28  is  planned;  this  includes  IdSCOM 
and  STADAK  coordinators  on  each  shift.  Operations  computer  programming  and  Sup- 
port Compu'jber  Programming  System  support  is  estimated  to  require  a 26  man-level 
of  efforts'  and  Experiment  support  a 10  man-level,  Fli^t  operations  planning, 
procedure  changes  and  status  tracking  will  taper  down  from  a 5 JOau  peak  to  a 2 

I 

man  sustai^iing  level.  STADACT  support  is  estimated  to  require  an  increase  in 
the  T&DA  manning  level  of  4o  men  over  and  above  their  requirements  if  they 
were  not  supporting  the  OAO  program.  (This  is  normally  covered  in  the  T&PA 
budget  and  hence  is  not  considered  a payload  program  cost.) 

I 

Operations  for  the  expendable -launched  low-cost  OAO  accrue  the  same  advantages 
from  greater  autonomy  as  the  Shuttle-launched  system  except  for  a heavy  peak 
of  deployment,  checkout  and  initialization  diagnosis  and  operation  extending 
from  launch  for  perhaps  two  weeks,  and  involving  some  supplemental  (but  exist- 
ing) ground  stations. 
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9*2.2  SEP  Flight  Operations 

A 'Shuttle  launched  SEO  is  initially  launched  due  East  and  the  Orbit er  injects 
into  a parking  orbit  approximately  6 minutes  later.  (Alternatively,  the  Shuttle 
could  inject  into  a 45  or  50  nm  x 100  nm  (83  or  93  x I85  Ioe)  transfer  orbit, 
and  go  into  a 100  nm  (185  km)  parking  orbit  approximately  51  min  after  launch.) 
After  the  orbiter  health  and  operating  conditions  have  been  verified  the  pay- 
load  is  cheeked  out,  using  a Standard  Payload  Test  Seu  operated  by  an  orbiter 
payload  crew.  The  Tug  will  normally  be  checked  first,  and  if  it  has  survived 
the  launch'  and  ascent  satisfactorily  the  SEO  would  then  be  checked  out.  The 
Tug/SEO  is  then  deployed  on  booms  and  ground  command/communication  with  each 
element  verified.  After  verification  of  test  and  communications  data  the  Or- 
biter separates  to  a safe  distance  away  from  the  Tug/ SEO,  The  tug  reorients 
to  ignition  attitude  and,  on  time  in  proper  phase,  injects  the  combination _ 
into  the  transfer  orbit.  Injection  will  be  timed  to  assume  that  the  trans- 
fer orbit  apogee  corresponds  approximately  with  the  desired  SEO  placement 
longitude.  At  apogee,  the  tug  will  perform  the  required  plane  change  and  or- 
bit circularization  maneuver.  Pli^t  operations  could  start  as  early  as  the 
initial  payload  checkout  in  the  orbiter  cargo  bay,  or  could  be  deferred  until 
achievement  of  final  placement  at  the  correct  longitude  in  synchronous  equa- 

I ' 

torial  orb^t.  After  verification  of  command  acquisition  by  the  primary  track- 
ing station  for  that  location,  the  SEO  will  separate  from  the  tug  and  continue 
operations  under  ground  control,  while  the  tug  stays  in  the  vicinity  ior  up  to 
24  hours  during  which  SEO  performance  is  evaluated  by  quick- look  data  at  the 
tracking  station  and  data  relayed  by  ground  and/or  COMSAT  links  to  the  control 
center  (at  HASA/Goddard) , The  Tug  then  returns  to  LEO  for  rendezvous  with  the 

waiting  Orbiter  and  return  to  earth.  (The  Tug  has  the  capability  of  bringing 
i . 

SEO  back  wjith  it  if  operations  are  not  satisfactory 
( 

i . . ' 

A dedicated  control  room  equipped  to  handle  five  SEO  satellites  is  part  of  the 
tGssicn  Cojntrol  Center,  assumed  to  be  located  at  the  GrSFC^  Greenbelt,  Maryland. 
Eour  existing  MASA  ground  stations  will  each  provide  an  S-band  two-way  link  to 
its  assigned  SEO;  a fifth,  the  KSC  station,  is  used  for  pre-launch  and  launch 
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checkout  and  as  a hackap  to  the  Rosman,  Korth  Carolinaj  station  for  LEO  check- 

I 

out.  Station  operations  and  communications  from  the  remote  sites  to  MCC  is 
provided  GFE  hy  the  MSA  Office  of  Tracking  8s  Data  Acquisition,  Some  SEO- 
peculiar  equipment  and  a small  cadre  of  SEO  specialists  will  he  located  at 
each  station,  thus  providing  the  capability  of  continuing  SEO  operations  dur- 
ing temporary  interruptions  in  the  communications  links  to  the  ICC, 

The  initial  operations  plan  placed  the  four  satellites  at  095°W,  05°W,  085°E, 
and  175*^jj  nsing  STADAW  stations  at  Eosman,  N.  C.,  Madrid,  Spain,  Carnarvon, 
Australia,!  and  Kauai,  Hawaii,  respectively,  with  30-ft  (9  diameter  or 
larger  ^ound  antennas.  Since  this  placanent  was  arbitrary,  locations  could 
be  chosen  that  would  allow  one  ground  station  having  multi-link  capacity  to 
handle  two.  SEOs,  thus  reducing  the  total  number  of  gro\md  stations  to  three. 

Eor  example,  satellites  at  and  128°ff  could  utilize  Eosman,  with  the  other 
two  at  53*^  and  serviced  by  Madrid  and  Canberra,  respectively.  The 

ability  of  Shuttle  to  hold  in  LEO  for  desired  phasing  makes  placement  at  any 
desired  longitude  feasible.  Elirther  flexibility  in  fli^t  operations  may  be 
achieved  when  Tracking  & Data  Relay  Satellites  are  available,  but  basic  SEO 
functions  are  not  materially  affected. 

1 

Fli^t  operations  for  an  expendable-launched  SEO  commence  with  launch,  pri- 
marily monitoring  payload  status,  either  by  direct  communication  or  by  status 
reports  from  the  launch  vehicle  fli^t  operations.  Flight  plans  are  much 
tighter,  with  coast  and  stay  times  limited  by  the  upper  stage  characteristics. 
This  makes’  some  longitudes  easily  obtained  and  others  require  complex  opera- 
tions by  the  launch  vehicle.  Once  on  station  the  operation  of  the  SEO  is  the 
same  as  pr,eviously  discussed,  except  that  the  satellite  is  stationary  and  hence 
always  in  range  of  the  same  ground  station.  It  is  not  even  necessary  that  a . 
continuous  communication  link  be  maintained  with  the  SEO  (for  the  mission  de- 
fined) , making  the  concept  of  servicing  more  than  one  satellite  from  one  ground 
station  all  the  more  attractive.  Similarly,  a single  control  center  can  easily 
handle  the  routine  spacecraft  health  monitoring  and  control  and  the  experiment 
data  flow  from  the  whole  project  satellite  networkj  a separate  control  room  or 

9-15 


LOCKHEED  MISSILES  & SPACE  COMPANY 


IMSC~A990556 


crevf  for  each  satellite  is  unnecessary.  Furtherj  through  the  use  of  coimauni- 
cation  satellites,  already  employed  by  WASCOM  for  some  locations,  even  video, 
datd  can  be  relayed  to  the  GSFC  control  center  in  near-real  time  when  neces- 
sary, further  reducing  the  need  for  special  crews  ajid  equipment  at  remote  lo- 
cations . 

9.2i3  SRS  Flight  Operations 

The  shuttle-launched  £ERSs  (one  to  be  active  and  one  to  be  stored  on  orbit  for 
a nominal  six  months  and  then  to  take  over  the  active  function)  are  checked 
out  in  the  cargo  bay  with  a payload  test  set,  and  the  ground  station  and  con- 
trol center  interfaces  verified  by  direct  EF  open  loop  checks.  The  Shuttle 
then  injects  into  a 100  x I50  nm  (185  x 278  Mn)  transfer  orbit  and  deploys  the 
two  SRS.  Control  of  spin-up  and  SRS  injection  into  the  final  I50  x 275  nm 
(278  X 509  hm)  sun  synchronous  near -polar  orbit  may  be  controlled  from  the 
Shuttle  or' from  a ground  station  if  the  injection  point  is  within  acquisition 
range  of  one.  The  SRS  has  been  designed  to  use  VHF  telemetry  and  command,  so 
all  of  the  existing  STADM  facilities  may  be  considered  available  in  develop- 
ing the  mission  flight  plan.  The  SRS  is  nearly  autonomous  as  far  as  housekeep- 
ing functions  are  concerned,  so  that  some  nominal  schedule  like  once  a ^week 
(or  about  every  100  orbits)  when  the  spacecraft  is  over  Rosman,  for  example, 
is  sufficient  for  ground  update,  such  as  spin  axis  correction  or  store(|, program 
changes.  Experiments  are  not  the  kind  that  require  continuous  coverage,  and 
can,  in  general,  be  programmed  from  the  ground  so  that  they  are  active  in  the 
desired  revolutions  or  portions,  and  the  data  readout  when  within  range  of  a 
ground  station;  120  min  of  data  recording  are  provided,  or  about  l^-  orbit  rev- 
olutions, and  this  can  be  readout  in  7*5  min  at  a 6.3  kbps  rate,  processed  by 
the  ground  station  and  relayed  at  lower  rates  to  the  GSFC  control  center  ser- 
vicing the  SRS  program.  There  it  may  be  processed  or  passed  on  in  raw  form  to 
the  experimenters.  The  flight  operations  are  low  key,  so  that  one  control 
room  may  service  a number  of  similar  programs.  The  use  of  Tracking  and  Data, 
Relay  Satellites  would  remove  all  constraints  on  continuous  experiment  opera- 
tion inposed  by  ^ound  station  locations,  hence  enhancing  the  availability  and 
flexibility  of  the  SRS  for  other  types  of  experiments. 
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Flight  operations  for  th.e  expendable  “latmched  SRS  differ  fron  the  Shuttle - 
launched  mode  in  two  respects:  (l)  there  is  no  spare  "third"  spacecraft  that 

can  "be  substituted  prior  to  deployment;  (2)  on-orbit  checkout  prior  to  deploy- 
ment must  also  be  controlled  from  the  ground  so  the  two  satellites  should  be 
monitored  from  liftoff,  on  shared  or  separate  channels,  or  through  the  Agena . 
telemetry.  The  Agena  upper  stage  of  the  new  Icw-cost  expendable  has  the  cap- 
ability for  following  a deployment  sequence  similar  to  that  described  for 
Shuttle,  including  phasing  and  positioning  the  SHS  at  deployment.  These  dif- 
ferences have  only  minor  effect  on  the  cost  of  flight  operations . 

9.3  IMPACT  OF  LOW-COST  PAYLOADS  UFQIT  FUTUFE  LAIWCH  AETO  FLIGHE  OFBRATIOHS 


Ground  operations  in  support  of  pre -launch  and  launch  activities,  ascent, 
orbital  maneuvers,  placement,  and  experiment  or  mission  operations  will  be 
iupacted  both  by  the  choice  of  expendable  or  shuttle  launch  vehicles  and  by 
the  implementation  of  total  system -optimized  low-cost  methods  and  techniques 
for  design,  qualification,  manufacture,  checkout  and  operation  of  payloads. 
Today's  launch  bases,  control  centers,  ground  station  and  coraimmications 
networks,  and  conputer  facilities  need  not  be  constrained  to  preserve  the 
status  quo,  but  may  plan  and  implement  efficiencies  and  improvements  of 
technical  and  economic  nature  on  a phased  basis  with  the  expectation  and 
assurance  that  the  users — the  payload  prograits — will  be  able  to  continue 
operations  without  vital  interruptions.  The  use  of  shuttle,  with,  it's  large 
cargo  capacity,  orbital  stay  time  capability  and  ability  to  retrieve  and 
return  payloads,  or  the  alternative  LCE  vehicles  that  also  have  appreciable 
performance  capability,  permit  relaxing  the  conventional  weight  and  volume 
constraints  upon  payloads,  leading- to  the  low-cost  designs  described  in 
previous  sections  of  this  report'.  These  low-cost  payloads,  in  turn,  peimit 
reduction  in:  (1)  launch  base  handling,  assembly,  checkout,  integration, 

and  GSE  development  spans  and  expenditures,  and  (2)  the  number  of  ground 
stations,  communications  links,  control  centers  and  support  facilities  needed 
for  maintenance  of  satellite  health,  control  and  data  acquisition.  These  low- 
cost  payloads  may  be  characterized  by  the  operational  attributes  of  autonomy, 
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adaptability,  simplicity,  maintainability,  and  durability. 

9.3.1  Autonomy  of  Operation  »•  is  a characteristic  of  the  low-cost  payload 
approach  achieved  by  the  use  of  on-board  computers,  large  memory  for  stored 
coimands,  automatic  implementation  of  redundant  or  alternate  modes  upon 
failure,  loss  of  lock,  etc.,  hi^  data  storage  capacity  and  versatility  for 
adaptation  to  changes  in  requirements. 

The  impacts  upon  la\mch  operations  are:  (a)  the  payload  has  fewer  external 
interfaces  to  contend  with  (coitprising  a mechanical  mounting  to  deployment 
mechanisms  and  an  electrical  interface  to  the  payload  test  set  or  vehicle 
data  and  power  busses);  (b)  simpler  checkout  because  of  self -test  capability, 
modularity,  and  use  of  automatic  checkout  techniques  with  consistence  pf 
checkout  equipment  and  readout  data  from  factory  acceptance  testing  thru  to 

I 

actual  operation;  (c)  less  ground  support  equipment  because  of  the  hi^ 
degree  of  self-sufficiency  and  the  completeness  of  the  payload  test  set 
functional'  interface;  (d)  independent  test  scheduling  because  the  checkout 
may  be  accoii^lished  in  an  EF  Closed  Loop  mode  by  the  PTS  while  other  launch 
vehicle  and  range  activities  are  proceeding  normally. 

The  impacts  upon  fli^t  operations  are:  (a)  continuous  monitoring  npt 

necessary  for  health  statius  and  spacecraft  operations;  (b)  fewer  commands 
nepd  be  generated,  verified,  dispatched,  transmitted,  and  acknowledged; 

(c)  fewer  parameters  are  monitored;  (d)  longer  intervals  between  contacts 
are  permissable,  making  it  feasible  to  control  and  operate  a number  of  payloads 
frpm  a single  control  center  with  simple  scheduling  and  freedom  to  reassign 
ground  stations  and  equipment,  including  utilization  of  communication  satellite 
links  and  ®RS  when  available.  The  reduction  in  number  of  contacts,  amount 

r 

of  routinej  data  handled,  number  of  ground  stations  needed  for  initial  checkout 
and  routine  operation,  and  the  greater  link  margins  permit  handling  more 
payloads  or  missions  with  the  same  people  and  facilities  or  effecting  economies 
hy  reduction  in  the  scope  of  operations. 
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9»3.2  Adaptebility  of  •the  Ijow-Cost  Payloads  - is  the  designed-in  capability  to 
iurprove,  update,  or  change  subsystems  by  substitution  of  equipment  modules 
or  by  softyare  program  modification.  The  impact  upon  launch  operations  is 
obtained  by  adapting  installation  and  checkout  procedures  to  the  "varying 
cargo  inixe^  that  may  be  expected  when  Shuttle  launches  became  common.  A 
large  vari|p.tion  in  scheduling  of  installation  and  checkout  may  be  accommodated, 
and  checkout  eipaipment  may  be  shared  among  other  payloads.  This  same  impact 
carries  O'ver  into  flight  operations,  making  it  possible  to  change  mission 

t 

parameters,  and  schedules  without  major  hardware  or  launch  operations  pertur- 
bations, siitplifying  scheduling  of  ne-twork  resources,  allowing  updating  of 
data  formalts,  operating  methods  and  ne'twork  configxirations  even  in  the  middle 
of  long -lived  programs.  In  particular,  the  introduction  of  TDRS  and  gradual 
phasing  ou,t  of  some  of  the  existing  ground  stations  may  be  accommodated  even 
thou^  important  changes  may  be  required  in  channel  frequencies,  anterma 
pointing,  addressing  and  message  formatting  may  be  necessary. 

9.3.3  Simplicity  of  Equipment  Installation  and  Functional  Isolation  - are 

characteristic  of“the  low-cost  paylo'^  approach.  Support~operation^  partTcularly 

at  the  launch  base,  become  straight-forward  and  often”^^be~perfom5ed“by 

general  technicians  instead  of  requiring  large  numbers  of  highly-trained 

specialists.  Repair  is  usually  by  module  replacement,  checkout  is  automatic, 

and  assembly  or  installation  of  such  items  as  batteries,  solar  arrays,  film 

canisters,,  etc  is  ■uncomplicated  by  use  of  ruggedized  construction,  low- 
i 

density  pa^ckaging,  and  liberal  tolerances.  Go-no-go  end-to-end  testing  ■with 
automatic  checkout  equipment  (payload  checkout  set)  further  reduces  the 
complexity  of  the  payload  launch  operations,  permitting  manning  and  scheduling 
economies-  Flight  operations  are'  similarly  impacted,  especially  in  the  areas 
of  operatipns  planning  and  scheduling  and  in  the  e^valuation  of  da-fca  and 
formulatidg  of  responses  or  commands.  Fewer  specialists  are  required  for 

I 

routine  operations,  training  is  minimized,  and  the  data  bank  and  analysis 
of  equipm^t  performance  are  less  complex  than  ■with  conventional  payloads. 

Plight  operations  tasks  will  probably  be  reduced  to  simple  routines  so  that 
the  same  personnel  may  handle  a n'umber  of  different  payloads. 
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9.3*^  MalntainaTpility  and  Befurbishabili'fay  - have  iDeen  somewhat  unusual 
attrihutes  to  expect  of  a payload^  traditionally,  hut  are  important 
characteristics  of  the  low-cost  payload  concept.  Hie  proposed  payloads  are 
cost  effective  for  launch  operations  with  either  LCE  or  shuttle  launches, 
and  offer  potentially  large  "bonuses  for  on-orbit  repair,  refurbishment  and/or 
modification  operations.  The  amount  of  logistics  support  required  at  ^he 
launch  basd  is  minimized  by  the  modular  approach  and  the  automatic  checkout 
techniques.  Faster  repair,  equipment  or  experiment  replacement,  and  calibration 
may  be  achieved  with  fewer  specialists  and  less  equipment,  reducing  the  risk 
of  delaying  launch  schedules.  The  need  for  project-peculiar  handling,  test 
and  servicing  equipment  is  minimized,  and  the  problem  of  personnel  training 
is  simplified.  The  impact  on  flight  operations  is  less  obvious,  primarily 
taking  the  form  of  permitting  on-orbit  repair/refurbishment  for  some  missions, 
and  providing  faster  replacement  for  a failed  unit. 

9.3*5  Durability  or  Ruggedness  - is  a characteristic  of  low-cost  payloads 
made  possible  by  the  elimination  of  ti^t  weight  constraints  and  achieved 
both  by  design  intent  and  as  a result  of  increased  safely  margins  or  certain 
equipment.  | Eigid  structures,  strong  interfaces,  integral  lifting  and  handling 
provisions,  modular  construction,  use  of  commercial  materials,  and  inclusion 
in  the  desn^gn  of  protective  covers  or  seals  when  necessary  all  help  reduce 
the  complexity  and  extent  of  launch  operations,  simplifying  handling  and 
reducing  repair  and  servicing  times.  Lower  skill  levels  and  fewer  project- 
trained  people  are  thus  required  to  support  a launch.  Fli^t  operations  are 
only  slightly  impacted  by  the  payload  ruggedness  j simpler  deployment  of 
folded  elements,  the  use  of  pre -deployed  devices  and  structures,  and  the 
ability  to -employ  faster  and  simpler  docking  operations  provide  more 
operational  flexibility  but  do  not  materially  affect  control  center  or 
network  support  requirements. 

i 


9-20 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


Section  10 

CONCLUSIONS  AND  EECOMMEaTOATIONS 


The  Payload.  Effects  Analysis  Study  has  ejsposed  the  source  and  magnitude  of  po- 
tential payload  program  cost  savings.  A credible  data  base  has  been  established 
Techniques  If or  low-cost  payload  design,  development,  production  and  operation 
have  been  innovated.  However,  more  work  is  required;  and  this  work  should  be 
initiated  soon  to  allow  matching  of  payload  development  schedules  with  Shuttle/ 
Tug  development.  This  will  assure  attainment  of  the  overall  savings  potential. 

I 

Implementation  of  these  low-cost  payload  concepts  may  prove  to  be  the  principal 

E 

economic  basis  upon  which  the  Shuttle  development  can  be  justified. 

The  principal  conclusions  drawn  from  the  study  are: 


® Significant  cost  benefits  can  accrue  from  new  payloads  designed  to 
low-cost  criteria.  The  principal  Payload  Effects*  result  from: 

(l)  Refurbishment  of  Payloads 

{2]  Mass  and  Volume  Constraint  Relaxation 

(3)  Risk  Acceptance 

I 

® Some  of  these  savings  can  be  obtained  prior  to  introduction  of  Space 
Shuttle  and  Space  Tug  if  applied  to  current  expendable  payloads . 

« Additional  significant  savings  in  payload  development  costs  are  pos- 
sible with  standardization  of  subsystems  and/or  use  of  standard 
spacecraft . 


® With  forecasted  NASA  budget  limitations,  it  is  very  important  to  con- 
tinue the  vigorous  pursuit  of  payload  cost  reductions.  These  reduc- 
tions - Payload  Effects  - can  contribute  materially  to  making  the 
Shuttle  and  Tug  economic  realities. 

* "Payload  Effects"  = cost  savings  resulting  from  low-cost  payloads  and  their 
usage . 
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• The  savings  estimated  during  this  study  are  reasonably  conservative. 

As  experience  is  gained  with  implementation  of  the  low-cost  approaches, 
further  cost  savings  are  very  probable.  These  savings  could  be  con- 
verted into  additional  space  utilization  and  applications. 

This  final  section  of  the  report  will  discuss  these  conclusions.  The  principal 
Payload  Effects  are  quantified  and  the  overall  impact  of  standardization  upon 
the  MSA  funding  is  described.  Of  particular  interest  is  the  prediction  that 

i 

implementation  of  standard  subsystems  could  result  in  a reduction  of  the  EASA 
projected  peak  funding  for  space  programs  by  16  percent. 

The  applicability  of  the  study  results  to  other  payload  programs  is  discussed 
and  finally,  LMSC's  recommendations  for  future  activities  are  presented. 

10.1  PAYLOAD  PROGRAM  POST  EPFECTS 


This  sub-section  summarizes  and  quantifies  the  primary  low-cost  payload  program 
effects  of  weight  and  volume  relaxation;  risk  acceptance;  and  retrieval,  re- 
furbishment, and  reuse. 

10.1.1  Primary  Payload  Effects 

During  the  study,  principal  cost  savings  were  determined  to  result  from: 

® Refurhishment  of  Payloads 

• Wei^t  and  Volume  Constraint  Relaxation 

• Risk  Acceptance 

I 

Although  major  cost  savings  were  made  possible  hy  application  of  197O  technol- 
ogy, it  is  not  a true  payload  effect  which  is  equally  available  and  applicable 
to  all  new-start  programs.  Savings  in  the  low-cost  designs  with  respect  to 
the  baseline  designs  and  attributable  to  technology  effects  were  determined 
and  isolated  so  that  they  could  he  separately  considered. 
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Weight  and  voliane  effects  were  calculated  "by  comparison  ‘of  total  program  costs 
for  a fixed  program  duration  (lO  years)  of  the  low-cost  expendable-launched 
payloads  with  the  baseline  payloads. 

Risk  acceptance  includes  Shuttle/Tug-associated  increase-confidence  (due  to 
in-orbit  checkout)  benefits  of  reduced  testing,  reduced  redundancy,  reduced 
sustaining  engineering,  etc.  Risk  acceptance  effects  were  determined  by  com- 
paring total  program  costs  of  low-cost  expendable -launched  payloads  with  Shuttle- 
la\mched  payloads  (excluding  refurbishment) . 

Applying  the  refurbishment  factors  determined  during  the  study,  total  program 
costs,  including  refurbishment,  were  calculated  and  equated  against  the  base- 
line, LCE,  and  non -refurbished  Shuttle  modes.  The  savings  attributed  to  re- 
furbishment are  shown  graphically  in  Fig.  10-1. 

For  a ten-year  program  span,  using  the  limited  sample  size  offered  by  OAO-B 
and  SEO,  the  Payload  Effects  (payload  program  savings,  excluding  any  launch 
vehicle  effects)  are: 

Relaxation  of  Weight  and  Volume  Constraints  18  ± 3^ 

Risk  Acceptance  ^ ±1% 

Refurbishment  of  Payloads  21  ± 2^ 

Total  payload  program  savings  due  to  payload  effects  excluding  the  new  space 
transportation  savings,  can  be  approximated  as: 

Low-Cost  Expendable  Programs  I8  ± 3?^ 

Space  Shuttle/ Space  Tug  Programs  49  ± 4$ 

It  should  be  noted  that  the  savings  resulting  from  relaxation  of  weight  and 
volume  constraints  are  available  presently  if  space  program  planners  would  con- 
sider the  use  of  larger  boosters . However,  this  concept  should  be  examined 
cautiously  on  a total  program  basis  as  the  increased  cost  of  booster  procure- 
ment and  operations  could  very  well  exceed  the  Payload  Effects  savings  benefits . 
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This  point  was  made  apparent  "by  inspection  of  a ten-year  SEO  program  using  LCEs 
eomp^ed  with  the  baseline;  the  added  transportation  cost  resulted  in  the  total 
"low-cost"  program  being  2 percent  more  costly  than  the  baseline. 

The  importance  of  retrieval,  refurbishment  and  reuse  can  be  further  seen  from 
inspection  of  the  total  program  costs,  including  transportation,  with  and  with- 
out refurbishment.  The  savings  provided  hy  payload  refurbishment  approximate 
or  even  exceed  the  cost  of  Shuttle  transportation  alone.  For  example,  on  OAO-B 
cost  savings  for  a ten-year  program  offered  by  refurbishment  are  $136  million, 
while  the  Shuttle  transportation  cost  is  only  million.  On  the  ten-year  SEO 
program,  refurbishment  savings  are  $90  million  while  the  Shuttle  transportation 
costs  are  $102  million. 

10.1.2  Standardization  Impact  upon  Total  Funding  Requirements 

fiesults  of  the  study  of  the  standard  spacecraft  concept  showed  that  development 
of  specific  standardized  subsystem  families  with  various  options  of  capability 
can  materially  reduce  overall  payload  EDT&E  costs.  Implementation  of  these 
concepts  can  eliminate  an  estimated  $2.4  billion  for  an  investment  cost  of 
under  $120  million.  Using  the  total  space  program  funding  data  provided  hy 
Aerospace  Corporation  in  Vol.  Ill  of  the  Midterm  Report  of  the  Integrated 
Operations/Payloads/Fleet  Analysis  Study  as  a basis  for  analysis,  it  was  de- 
termined that  the  peak  projected  funding  of  $5  billion  in  1977  could  he  re- 
duced to  sli^tly  over  $4  billion  by  application  of  this  saving. 

This  is  shovrn  in  Fig.  10-2.  The  solid  lines  represent  the  funding  require- 
ments without  standardization  savings.  Payload  EDTSsE  was  assumed  to  he  com- 
pleted by  1980  after  which  time  the  payload  costs  are  comprised  of  re  during 
hardware  and  operations.  Payload  operations  were  assumed  to  amount  to  $200 
million  per  year.  Uevelopment  of  standard  subsystems  was  assumed  to  commence 
in  FY  1975.  The  $2.4  billion  savings  and  the  $117  million  new  RDT&E  cost 
were  budgeted  over  a five  year  development  span  using  a 50:50  cost  spread. 

It  was  further  assumed  that  a 10  percent  overkill  penalty  in  xinit  recurring 
costs  would  have  to  be  paid.  This  is  shown  as  the  increase  (dissavings)  in 
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total  program  funding  in  the  I98O-I990  period.  It  should  he  emphasized  that 
this  funding  picture  does  not  include  the  impact  of  refurhisbment  and  reuse 
upon  unit  costs,  nor  does  it  include  an  application  of  social  discount. 
Further,  conservatism  was  provided  hy  estimating  that  experiments  (mission 
equipment)  included  in  the  payload  costs  amount  to  33  percent  of  the  payload 
costs,  and  that  standardization  was  applied  only  to  the  spacecraft  portion  of 
the  payload  funding. 

Inspection  of  Fig.  10-2  indicates  the  need  for  early  implementation  of  the 
standardized  subsystem  or  spacecraft  concepts  in  order  that  peak  savings  may 
coxncide  with  the  peak  funding  years.  On  this  basis,  LMSC  strongly  recommends 
that  the  following  schedule  of  implementation  be  included  in  MSA's  advanced 
program  plans. 


Start  (FT) 

Complete  (FY) 

Phase  A - Conceptual  Design 

1972  - 1st  Qtr. 

1972  - Itth  Qtr. 

Phase  B - Preliminary  Design 

1973  - 1st  Qbr. 

1973  - 3rd  Qt±. 

Contractor^  Selection 

1973  - ^th  Qtr. 

1973,  _ 4th  Qtr. 

Phase  C - Detailed  Design 

1974  - 1st  Qtr. 

1974  - 4th  Qtr. 

Hardware  Go-ahead  and  Start  of 

Phase  D - Development  and 

Operations 

1975  - 1st  Qtr. 

— 

FIRST  FLIGHT  AEPLICATIOH 

1979 

- 

Fig.  10-3  Standard  Spacecraft  Implementation  Schedule 
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10.2  APHilCABILrPY  OF  RESULTS  TO  OTHER  SPACE  ERO&RAMS 

During  the  study,  only  a very  small  sample  of  the  total  MSA  unmanned  space 
missions  was  examined  in  detail.  However,  it  is  possible  that  scaling  factors 
could  be  derived  which  would  be  valid  generally  for  the  majority  of  the  future 
missions  where  refurbisbment  is  practical.  For  those  missions  where  refur- 
bishment is  not  practical,  the  general  savings,  resulting  from  relaxation  of 
wei^t  and  volume  constraints  and  risk  acceptance  still  can  be  applied.  While 
it  is  known  intuitively  that  similar  economies  can  be  achieved  with  manned 
space  operations,  the  data  resulting  from  the  current  study  strictly  apply 
only  to  unmanned  payloads. 

During  the  coxirse  of  the  study,  some  of  the  more  significant  trades  were  im- 
plemented; e.g.,  cost  of  payload  sophistication  in  terms  of  wei^t  and  volume 
vs  transportation  costs,  and  payload  reliability  vs  orbital  maintenance. 
Furthermore,  several  approaches  to  spacecraft  standardization  on  the  basis  of 
recurring  systems  requirements  have  evolved  and  have  been  evaluated. 

Resulting  sets  of  economic  scaling  factors  have  already  found  application  in 
the  estimating  of  potential  program-wide  cost  savings  for  unmanned  missions. 
The  study  results  can  be  generalized  in  the  sense  that  they  are  typical  of 
any  industrial  endeavor  gaining  maturity.  As  interfaces  and  interactions  be- 
come clearer  and  as  the  cost  drivers  become  identified,  positive  action  can 
be  taken  in  the  overall  optimization  process.  However,  more  specific  exten- 
sion of  study  results  to  other  unmanned  and  manned  missions  will  require  fur- 
ther study . 

10.3  RECOMMEEDATIOHS  FOR  FUTURE  PAYLOAD  STUDIES 


The  Payload  Effects  Analysis  Study  has  identified  the  major  cost  drivers  that 

I 

can  and  must  be  manipulated  to  reduce  the  cost  of  payload  operations;  these 
are;  (l)  relaxation  of  wei^t  and  volume  constraints;  (2)  acceptance  of  hi^- 
er  risk  made  possible  by  the  advantages  of  Space  Shuttle:  payload  retrieval, 
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refurbishment  and  reuse,  and  (3)  spacecraft  standardization.  The  study  also 
provided  an  initial  quantification  of  the  cost  savings.  It  was  found  that 
these  effects  are  additive,  and  that  standardization  as  an  additional  Payload 
Effect,  can  have  a strong  effect  on  the  reduction  of  KDT&E  costs.  The  overall 
results  are  so  encouraging  that  they  have  not  just  served  as  inputs  for  Mathe- 
matiea's  analysis  and  endorsement  of  the  Space  Shuttle/Space  Tug  project,  but 
also  promise  that  for  given  ejspenditures,  payload  activities  can  be  consider- 
ably extended. 

It  has  been  shown  that  spacecraft  standardization  can  materially  cut  peak 
EDT&E  funding  requirements.  This  supplements  the  savings  which  result  from 
program-peculiar  low-cost,  payload  designs . 

With  these  large  saving  potentials,  the  question  of  subsequent  activities  be- 
comes: (a)  Ho\ir  soon  can  the  low-cost  payload  techniques,  including  standard- 

ization, be  reduced  to  hardware?,  and  (b)  what  are  the  most  logical  steps  to 
take? 

The  objectives  to  which  future  activities  should  be  directed  are: 

(1)  Strengthen  the  data  base  of  unmanned  spacecraft  by: 

® including  more  scientific,  and  commercial,  near-earth  and 
planetary  satellites 

« improvement  of  the  cost  estimating  relationships  and  cost 
projection  methods 

(2)  Widen  the  scope  of  Payload  Effects  Analysis  to  include: 

® manned  system  payloads 
® lunar  surface  exploration  payloads 
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® propulsive  stages,  either  in  their  capacity  as  payloads, 
or  transportation  systems 

® Shuttle -carried  payload  equipment  for  on-board  checkout 
(3)  Implement  spacecraft  standardization  by: 

* selection  and  optimization  of  type  and  performance  variance 
of  subsystem  options 

• conceptual  design  and  evaluation  of  various  standardized 
spacecraft  approaches 

® conceptual  design  and  evaluation  of  subsystems  and  interface 
hardware  for  selected  standardized  spacecraft  concept (s). 

In  view  of  the  relatively  short  time  span  to  the  need  date  of  Shuttle  IOC,  it 
appears  desirable  to  initiate  these  follow-on  activities  in  the  very  near  future. 

10.3.1  Expansion  of  Low-Cost  Payload  Data  Base 

The  low-cost  data  base  resulting  from  the  present  Payload  Effects  Analysis  was 
limited  by  necessity  to  conceptual  designs  of  low-cost  versions  of  the  OAO-B, 
the  SEO,  and  the  SRS;  and  in  cost  estimates  and  plans  for  implementati&n.  It 
has  been  recognized  that  not  all  -future  space  payloads  derive  similar  benefits 
from  the  application  of  low-cost  approaches.  In  order  to  make  precise  forecasts 
of  the  e35pected  space  program-wide  savings,  an  extension  of  this  data  base  would 
be  desirable.  Follow-! no  are  some  specific  areas  in  which  follow-on  analysis 
effort  is  recommended  to  provide  adaitional,  increased -depth  data  in  the  nesit' 
orderly  step  toward  actual  implementation  of  low-cost  hardware  programs . 

(a)  Payload  Effects  Analysis  of  Additional  Unmanned  Payloads 

Develop  low-cost  designs,  prepare  outline  development  plans,  and  estimate  com- 
parative costs  for  additional  payloads  representing  important,  and  different, 
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missions  of  the  Traffic  Model:  (a)  Comnronications  Satellite,  (h)  Mars  Orhiter 

or  Viking,  (c)  OSO,  (d)  Large  Space  Telescope,  and  EKTS. 

(h)  Logistics  and  Cost  Analysis  of  Payload  Maintenance  and  Reforhishment 

Develop  rationale  and  procedures  for  establishing  miniraum-cost  payload  pro- 
grams based  upon  the  optimum  combination  of  spare  equipment  modules,  mainten- 
ance visits,  complete  refurbishment  of  payload,  and  ground  refurbishment  and 
reuse  of  failed/used  modules.  Quantify  cost  data  and  establish  methodology 
for  applying  the  data  to  the  total  Fleet  Analysis. 

(c)  Additional  Analysis  of  Reduced  Reliability  and  Costs 

Quantify,  in  terms  of  payload  reliability  and  confidence  level,  and  in  payload 
program  costsj  the  benefits  offered  by  the  Shuttle  in  (a)  reducing  or  elimin- 
ating the  payload  launch/ascent  failures  and  (b)  reducing  the  payload  relia- 
bility (and  cost)  as  a result  of  access  to  the  payload  for  on-orbit  repair. 

(d)  Cost  Effects  Analysis  of  Simplified  3M.SA  Program  Requirements 

Establish  the  degree  of  influence  of  HA.SA  Program  requirements  upon  typical 
unmanned  payload  program  costs  and  identify  areas  in  ■which"  requirements  could 
be  altered  by  use  of  the  Space  Shuttle,  such  as  documentation,  design  and 
testing  specifications,  hardware  traceability,  and  reliability  demonstration 
tests. 

(e)  Cost  Optimization  Methodology  and  Application 

During  the  initial  Payload  Effects  Study,  a special  methodology  was  developed 
by  which  payload  programs  could  be  cost -optimized,  taking  advantage  of  relaxed 
wei^t/ volume  constraints,  lower  launch  costs,  on-orbif  repair/refurbishment, 
and  retrieval  and  reuse.  Because  of  new  concepts  and  economic  data,  this 
methodology  can  now  he  expanded  and  improved.  Incorporate  the  findings  of  the 
above  studies  into  the  payload  cost  optimization  program.  Add  summation  capa- 
bility to  computer  programs  so  groups  of  missions  in  total  Traffic  Model  can 
be  traded  off. 

• - • XO-11 


LOCKHEED  MISSILES  8c  SPACE  COMPANY 


LMSC-A990556 


10.3.2  Increase  of  Scope  of  Payload  Effects  Study 

The  initial  Payload.  Effects  Study  was  concerned  exclusively  with  unmanned  pay- 
loads.  There  are  a number  of  circumstances  for  which  Payload  Effects  ifiay  he 
distinctly  different  from  the  ones  obtained  thus  far. 

(a)  Payloah.  Effects  Analysis  - Earth  and  Lunar  Orbit  Manned-System  Payloads 

Manned  payloads,  with  their  larger  volumes  and  wei^ts,  are  more  likely  to  be 
constrained  by  Space  Shuttle/Spaee  Tug  geometry  and  performance  than  unmanned 
payloads.  Yet,  within  the  geometrical  constraints,  very  attractive  modular 
designs  are  possible.  This  and  sharply  reduced  transportation  costs  are  ex- 
pected to  result  in  considerable  savings.  In  order  to  assess  the  related  Pay- 
load  Effects,  analyze  a selected  group  of  payloads,  determine  the  applicabil- 
ity of  low-cost  design  and  program  approaches,  determine  the  payload/ Shuttle/ 
Tug  interfaces,  and  estimate  the  payload  cost  reduction  possible.  The  pay- 
loads  will  include:  %)ace  Station  segments.  Per sopnel/ Cargo  Modules,  Space 

Tug  Manned  Module,  Large  Payloads  with  Crew  Stations,  Space  Rescue  Modules. 

(b)  Payload  Effects  Analysis  - Lunar  Surface  Exploration  Payloads 

Eor  hi^  earth  orbits  or  for  lunar  missions  there  will  be  quite  a large  de- 
crease in  transportation  cost  in  going  from  the  historical  (expendable-launched) 
payloads  to  the  Shuttle-launched.  This  will  provide  a strong  reduction  in 
transportation/payload  cost  ratio  and  implies  that  reoptimization  of  payload 
is  indicated.  In  view  of  the  fact  that  transportation  costs  to  high  orbits 
and  to  lunar  orbit  or  the  lunar  surface  vary  proportionally  with  earth-to-low 
orbit  transportation  costs,  and  that  the  design  of  payloads  in  this  category 
has  been  forced  to  considerable  sophistication;  it  may  be  expected  that  the 
cost  savings  resulting  from  Payload  Effects  could  be  greater  (in  absolute  dol- 
lars) than  for  low  earth  orbital  missions. 
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In  order  to  evaluate  the  related  payload  effects,  investigate: 

0 Various  types  of  transportation  vehicles,  including  lunar  landing 
vehicles  operating  between  earth  orbit,  lunar  orbit  and  lunar  sur- 
face; lunar  flyers  and  lunar  surface  rovers;  and  lunar  rescue' 
vehicles. 

9 Various  lunar  base  equipment,-  for  both  manned  and  unmanned  ex- 
ploration, including:  lunar  shelters,  power  plants,  scientific 

ejcperiments  and  equipment,  and  related  surface  logistics  items. 

e Perform  a parametric  cost  evaluation  of  alternative  ways  to  im- 
plement the  planned  lunar  surface  payload  programs,  identify  the 
most  cost-effective  approaches,  and  estimate  cost  savings  (com- 
pared with  planned  mission  costs) . All  transportation  to  be 
based  on  or  be  compatible  with  the  Space  Shuttle. 

(c)  Induced  Payload  Effects  of  Special-Purpose  Unmanned  Payloads 

In  addition  to  those  payload  effects  that  result  from  the  conversion  of  histor- 
ical or  existing  desigis  for  use  on  a low-cost  space  transportation  system, 
there  are  induced  payload  effects  resulting  from  the  use  of  the  Space  Shuttle: 

a The  ratio  of  benefit-to-investment  of  planned  payloads  becomes  attrac- 
tively larger,  resulting  in  savings,  which  in  turn  can  be  applied  to 
additional  quantities  of  similar  payloads  which  were  excluded  initially 
because  of  budget  limits  and  their  lower  benefit  ratio, 

9 The  Shuttle  will  accommodate  a group  of  payloads  which  are  incompatible 
with  expendable  launch  systems. 

The  second  induced  effect  will  allow  sufficiently  different  payloads  to  be 
carried  to  drastically  change  the  operational  scope  of  space  operations. 


10-13 


LOCKHEED  MISSILES  & SPACE  COMPANY 


LMSC-A990556 


In  order  to  evaluate  these  payload  effects,  conduct  a general  Payload  Effects 
analysis  for  special  payloads  such  as  propulsion  stages,  propellant  tan^ge, 
vehicle  segments  for  orhit  assemibly,  inaltiple  payloads.  Determine  special 
payload/Shuttle  interfaces  and  estimate  the  potential  cost  savings  resulting 
from  application  of  low-cost  approaches. 

(d)  Preliminary  Design  and  Costing  of  Shuttle-Carried  Payload  Checkout  Equipment 

During  the  initial  Payload  Effects  Study,  the  concept  of  checdcing  out  payloads 
while  mounted  in  the  Shuttle  and  using  a Shuttle -carried  payload  checkout  set 
was*  developed.  Preliminary  assessments  of  feasibility  were  made  and  prelimin- 
ary checkout  lists  tailored  for  on -hoard  Shuttle  checkout,  were  prepared 
for-  the  OAO-B,  SEO,  OSO,  and  OGO.  Savings  made  possible  by  orbital  checkout 
are;  included  in  the  "Eisk  Acceptance"  payload  effect. 

Preliminary  volumes  and  weights  were  determined  for  a Shuttle -mounted  pheckout 
set  and  very  rou^  cost  estimates  made  for  the  hardware  and  software. 

Because  of  the  critical  importance  of  this  checkout  interface,  which  has  a 
strong  influence  on  payload  design  as  well  as  on  establishment  of  operational 
concepts  with  the  Shuttle  and  payloads;  it  is  necessary  that  additional  study  _ 
he  accomplished  to  validate  the  operational  feasibility  and  economic  cpnsider- 
ations  of  using  a Shuttle -carried  payload  checkout  set. 

In  order  to  evaluate  the  related  payload  effects,  develop  the  concept  of  a pay- 
load  checkout  set  which  has  multi-program  usage  and  verify  its  practicality 
and  compatibility  with  the  Space  Shuttle  operation.  Estimate  costs  on  the 
hardware,  software,  and  operations. 

(e)  Preliminary  Design  and  Costing  of  Universal  Pavload  Deployment /Retrieval 
Installation  for  Shuttle 


Deyelop  a conceptual  design  for  and  estimate  costs  of  a universal -usage  gear 
which  can  he  used  hy  all  or  most  unmanned  payloads  carried  hy  the  Shuttle. 
Apply  low-cost  design  techniques. 
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10»3«3  Implemenbabion  of  Spacecraft  Standardization 

It  was  demonstrated,  that  the  introduction  of  standardized  subsystems,  with  ap- 
plication to  a number  of  different  payloads,  can  he  extremely  effective  in  re- 
ducing overall  payload  development  costs. 

The  concept  of  standardized  subsystems  has  many  benefits;  most  are  directly  _ 
convertible  to  cost  reductions:  single  development  cost,  production  in  rel- 

atively large  quantities,  simplified  test  requirements,  reduction  in  payload 
development  time  and  risk,  over-sized  subsystems  to  allow  for  payload  performance 
grcwth,  easy  replaceability,  reduced  cost  of  field  repair  and  refurbishment. 

On  a higher  level  of  standardization,  it  appears  economically  desirable  to  im- 
plement a series  of  standard  spacecraft,  each  of  which  could  support  a fairly 
wide  spectrm  of  planned  missions.  Standard  subsystem  modules  could  he  used 
as  "building  blocks"  in  constructing  a standard  spacecraft. 

In  order  to  make  modular  design  with  many  possible  design  options,  interface 
requirements  from  subsystem  to  subsystem  and  also  from  payload  experiments  to 
spacecraft  have  to  he  established  carefully  in  order  to  avoid  interference 
and  to  ass^lre  future  growth  potential . This  results  in  somewhat  increased 
development  costs.  However,  it  appears  that  this  effect  can  be  minimized  by 
selecting  an  optimum  variance  of  equipment  options.  Based  on  the  present  study, 
it  appears  that  both  specialized  as  well  as  multipurpose  spacecraft  could  be 
assembled  from  the  same  standardized  modular  subsystems  options. 

In  order  to  realize  standardized  spacecraft  design  at  an  early  time,  it  is 
inportant  to  perform  the  following  studies  in  the  very  near*  time  frame: 

(a)  Selection  of  Type  and  Variance  of  Standardized  Subsystems  Options 

Survey  mission  model  to  establish  incidence  and  spread  of  subsystems  performance 
requirements.  Select  modular  equipment  options  to  satisfy  requirements.  Per- 
form optimization  of  type  and  variance  on  a total  program  cost  basis. 
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(Td)  Conceptual  Design  and  Evaluation  of  Various  Staadardized  Spacecraft 
Approaches 

Based  on  standardized  modular  subsystem  options,  configure  various  spacecraft 
approaches  (in  the  following  categories)  to  satisfy  the  requirements  of  various 
segnlents  of  the  mission  model: 

(1)  Special-purpose  spacecraft,  configured  to  a single  set  of  payload 
requirements,  hut  assembled  from  standardized  subsystems. 

(2)  Multipurpose  spacecraft,  configured  to  cover  the  potential  require- 
ments of  several,  alternate  payloads. 

{3)  Cluster  spacecraft,  configured  to  cover  the  potential  requirements 
of  a spectrum  of  simultaneous  payloads. 

With  an  increasing  number  of  payloads  to  be  accommodated,  spacecraft  overdesign 
(relative  to  any  single  mission)  increases.  However,  in  view  of  payload  refur- 
bishment and  reuse,  and  when  considering  the  effect  of  social  discounting,  it 
is  not  clear  which  approach  or  combination  of  approaches  is  economically  the 
most  useful.  Thus  a Phase  A type  study  of  standardization  is  needed. 

(c)  Conceptual  Design  and  Evaluation  of  Subsystems  and  Interface  Hardware  for 
Selected  Standardized  Spacecraft  Concept(s) 

Based  on  the  results  of  the  evaluation  of  standardized  spacecraft  approaches, 
the  physical  design  of  the  selected  subsystems  modules  will  be  carried  out  to 
conform  with  the  various  subsystem/  subsystem  and  subsystem/payload  as  well  as 
man/machine  interface  requirements,  and  to  ensure  true  modular  growth  capabil- 
ity. 
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